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ABSTRACT 
The structure of the Galaxy is still largely unknown. Our only direct 
source of information is the radiation it emits; electromagnetic radiation 
at metre wavelengths being particularly important as it remains largely 
unabsorbed on passage through the Galaxy, allowing an unhindered view of 
its large-scale structure. Analysis of its distribution over the sky can 
provide insight into this structure. 
An attempt was made to investigate the properties of our Galaxy by 
modelling the radio synchrotron emission at 408MHz and comparing the 
predicted distribution with a newly available, high resolution survey of 
the whole sky at this frequency. 
A model previously employed with some success at 150MHz was used as a 
basis for this work. A suite of computer programs was developed to 
perform the necessary calculations, and to handle and present the results 
and the survey data. Refinements were made to the basic model to try to 
reproduce the observed distribution more accurately. 
A model of the Galaxy emerges featuring a central bar, each end joined 
by an elliptical arm section. These divide to form four spiral arms which 
sweep out to a radius of 15kpc. In addition, a number of short 'feather' 
arms, branching off from the main arms, are required. The local Orion arm 
is one such 'feather', branching from the Perseus arm, passing 0. 5kpc from 
the sun in the anticentre direction and ending a few kiloparsecs further 
on. 
A weak halo of emission extending several kiloparsecs out from the 
plane is also required. Independent confirmation of this is found from 
consideration of cosmic ray diffusion through the Galaxy. 
Finally, comparison was made between the 408MHz survey and the COS-B 
gamma ray distribution. The similarity between them in the plane provides 
information about the relationship between various components of the 
galactic disc. 
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CHAPI'ER 1 
INTRODUCTION: 'l'HE STRUCTURE OF THE GALAXY 
This chapter gives a summary of what is known about the structure and 
content of our Galaxy. First, an account is given of the development of 
our ideas about the nature of the Galaxy. This is followed by a detailed 
description of the various components which it contains. 
Our knowledge of the spiral structure of the Galaxy is then examined, 
and some theories for its evolution and maintenance are considered. 
Finally, a review of the attempts that have been made to model the radio 
continuum emission from the Galaxy is presented. 
1.1 Early History 
As long ago as the 18th century it was realised that our solar system 
was embedded in a flat system of stars, the projection of which on the sky 
forms the Milky Way. Observations in the 19th century by Herschel and 
others showed that this system was in fact a finite slab of stars, of the 
order of a few kiloparsecs across, rather than being infinite in extent as 
had originally been thought. 
The discovery that Cepheid variable stars, with periods greater than 
one day, had luminosities directly proportional to their fluctuation 
periods (Leavitt 1908) provided an invaluable tool for investigating the 
distribution of star systems. Using RR-Lyrae variables, Shapley (1918) 
investigated the distribution of globular clusters, and demonstrated that 
this class of objects was distributed uniformly within a sphere of about 
70kpc diameter. However, the centre of this sphere was offset quite some 
distance from the Sun's position (figure 1.1 ). 
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Hubble (1 929), using Cepheid variables as a distance measure, found 
that the Andromeda Nebula (M31) was 7.5x105 light-years away. This was 
much more distant than had been thought until then, and it implied that the 
object was extremely large. It was eventually realised that the Andromeda 
Nebula was an 'island' galaxy of stars and gas, similar to the one of which 
our own solar system was a part. Further work then revealed that many 
more of the nebulae which were thought to belong to our Galaxy were 
further examples of these island galaxies. They were found to be quite 
varied in morphology, and Hubble ( 1 926) drew up a visual classification 
scheme, which is summarised in figure 1.2. In this scheme the galaxies are 
divided into two basic types: elliptical (E) and disc (S) forms. The 
elliptical systems vary from spherical (EO) to highly flattened 
ellipsoids (E7). The disc systems are classified according to the degree 
of spiral structure that they possess. Apart from SO galaxies, which 
possess featureless discs, the spiral patterns are divided into two main 
branches, those with a central bar-like feature (SB) and those without (S ). 
Within each of these two branches the galaxies are ordered according to 
the openness of their spiral patterns: tightly wound spirals being 
designated Sa or SEa, while the other extreme, the open spirals, being 
referred to as Sc or SEc. 
As our Galaxy was known to be a flat disc of stars, it seemed likely 
that it belonged to the S classification of galaxies, and was therefore 
likely to possess spiral structure. It also became obvious, by analogy 
with M31 and M33, two fairly close spiral neighbours of our Galaxy, that 
the disc of stars making up the observed Milky Way was just a small part of 
a much greater disc of stars which had its axis in the centre of the 
spherical distribution of globular clusters that Shapley had found. The 
light from the majority of stars in the galactic plane is not visible to 
us because of absorption by gas and dust in the interstellar medium 
(Trumpler 1 930 ). 
In 1943, Baade was able to resolve the stars in the central region of 
M31 and found that the stars of that galaxy apparently belonged to two 
different populations (Baade 1944 ). The stars of the disc, which he 
called population I stars, were typically young hot 0 and B stars, whereas 
the stars of the central regions were typically old cool red giants, which 
2 
he called population II. In our own Galaxy, the stars in the local solar 
neighbourhood were typical of population I stars, and those in the 
globular clusters were typical of population II. This supported the 
identification of our own Galaxy as type S, that is a disc galaxy. 
In 1951, Baade & Mayall (1951) found from their studies on M31 that the 
best tracers of spiral structure were emission nebulae and young 0 and B 
stars. Since then, many workers have tried to plot the distributions of 
these tracers in our Galaxy. The results seem to indicate that some form 
of spiral structure exists in our Galaxy. 
Another useful tool for investigating the structure of our Galaxy was 
discovered by Jansky ( 1 935 ), when he detected extraterrestrial radio 
waves. These were found to be emitted continuously along the galactic 
plane, and it was realised that the Galaxy was a source of radio emission. 
As radio waves are not affected by the interstellar dust and gas as 
catastrophically as visible light, we are able to 'look at' the far reaches 
of the Galaxy, and in fact at the universe beyond. Investigation of the 
galactic radio emission was thus seen to be a potentially powerful probe 
of the galactic structure. 
It is now generally accepted that our Galaxy is of the spiral disc 
variety (S), and that it has some spiral structure. The details of our 
knowledge of this structure will be given in section 1.3. The next 
section, however, deals with our knowledge of the general distribution of 
the various components of our Galaxy. 
1.2 The Galactic Components 
The Galaxy can be visualised as being composed of a cylindrical disc 
surrounded by a spherical halo. Most of the mass of the Galaxy lies 
within the disc, which may be further divided into a dense central bulge of 
stars with a radius of 4-5kpc and a flat, much thinner, disc of stars, 
interstellar gas and dust that extends out from the bulge to about 15kpc. 
The halo is thought to be a slightly flattened sphere of the order of 
20kpc in radius. Until recently, the mass of the Galaxy was estimated to 
be 2x1011 solar masses, the greatest fraction of this being present in the 
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Figure 1.Y, Projected distribution of globular clusters and lines of equal 
mass density for the Galaxy. ( Oort 1 965) 
stars, of which there are of the order of 1011 . More recently, however, 
there have been indications that the mass may be up to a factor of ten 
greater than is readily accountable for. It has been postulated that this 
extra is present in the form of a massive unobserved component in the halo 
(Blitz 1979, Einasto 1979. Rubin, Ford & Thonnard 1980). 
Apart from the stars, gas and dust, the Galaxy also contains highly 
energetic particles, cosmic rays, which have been observed entering the 
Earth's atmosphere. There is also evidence that the interstellar medium 
is threaded by a galactic magnetic field. 
1. 2. 1 'l!he Stars 
The distribution of stars in the Galaxy is shown in figure 1. 3. Most of 
the stars belong to the disc and its central bulge, the rest form the halo. 
The stars themselves can be divided into two categories as was found by 
Baade ( 1 944) for M31. The older stars of population II are chiefly 
present in the central bulge of the Galaxy, and in globular clusters in the 
halo. They are characterised by old red giants, RR-lyrae variables and 
white dwarfs (often forming planetary nebulae), and are thought to be 
first generation stars, that is they were formed out of the original 
matter from which the Galaxy condensed. 
Population I stars, on the other hand, are known to have been formed 
from the debris of earlier generations of stars. Our Sun belongs to this 
class, and from its composition is known to be at least a third generation 
star. The majority of the population I stars lie in the disc and are 
typified by young hot stars, often associated with emission nebulae, and 
occur in irregular clusters. Their number decreases with distance from 
the galactic centre; their projected surface density in the plane falling 
approximately as exp(-R/4), where R is the radius from the galactic centre 
measured in kiloparsecs. The distribution out of the plane depends to 
some extent on the spectral type of the star (Elvius 1965). The 
distributions may be represented by: 
( 1 • 1 ) 
where Ds ( 0) is the density of a particular class, S, of star in the plane, 
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and f3 is the relevant scale height for that particular class (table 1.1 ). 
TABLE 1. 1 
Object ~ (pc) Characteristic Population 
0 50 I 
B 60 I 
A 11 5 I 
G,K,M 340 I & II 
Dust & Gas 125 I 
Cepheid Variables 45 I 
Galactic Clusters 80 I 
Also included for comparison in table 1.1, are the scale heights of various 
other components associated with population I stars. 
The stars themselves are found to be moving in roughly circular orbits 
round the galactic centre. By observing the Doppler shift of spectral 
lines in the light from stars in the Sun's locality, it was discovered that 
their motion is not that of solid body rotation, that is, with the same 
angular velocity, but that the inner stars have a higher angular velocity 
than the outer ones. This is lmown as differential rotation. From 
measurements made using the globular clusters and galaxies in our local 
group, the Sun's rotational velocity has been estimated to be 250+30kms-1, 
in the direction 1~ = 90°, b~ = 0°. The Sun's distance from the centre of 
the Galaxy, estimated from RR-Lyrae variables, is about 1 Okpc ( Arp 1965 ), 
which means that its rotation period about the galactic centre is of the 
order of 2. 5x1 o8years. Oort & Plaut ( 1 975) have obtained a value for the 
Sun-centre distance of 8. 7+0.6kpc. However, in keeping with many other 
workers the larger figure of 10kpc has been used. As everything scales 
linearly with distance, this means that all the galactic radii quoted in 
this work should be scaled by a factor of (true distance)/10kpc. 
1. 2. 2 'llhe Gas 
The space between the stars in the disc of the Galaxy is filled with a 
tenuous gas. The predominant component of this gas is hydrogen, 
accounting for some 70% by weight. Helium accounts for a further 28% and 
the heavier elements for the remaining 2%. The overall density of this 
gas is of the order of 1 atom cm-3. Until recently this gas was thought 
to be present in two phases (Clark 1965): cool (20-200K), relatively dense 
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clouds of gas embedded in a hotter (tv 1 o4K) more tenuous intercloud 
medium. However, the discovery of oxygen VI absorption lines in the 
interstellar medium (Jenkins & Meloy 1974, Jenkins 1978) indicates that 
some very hot gas, T = 2.5-7x105K, must be present. Evidence for gas at 
fow~d in the diffuse 
soft X-ray background (Tanaka & Bleeker 1977). The latter is dominant in 
terms of volume, with a filling factor of ::::1.. 50%. As a result, a three-
phase model of the interstellar medium (Cox & Smith 1974, McKee & Ostriker 
1977) is becoming accepted. In this model, the cool dense clouds of the 
two-phase model are immersed in a very hot tenuous plasma (T -106K). 
Surrounding the clouds is a warm (T -1 o4K), intermediate density, 
partially photo-ionised region, forming the interface between the clouds 
and the hot intercloud plasma. The oxygen VI gas probably occurs in the 
transition regions at the surface of the clouds. 
The gas in the clouds is sufficiently cool to be un-ionised. The 
hydrogen in these conditions is present as neutral atomic hydrogen, and in 
this form it is detectable by the radiation emitted as a result of the 
21cm (1420MHz) hyperfine transition. This is caused by the re-alignment 
of the electron and proton spins of the hydrogen atom from parallel to 
antiparallel. The 21cm line was first detected in the interstellar medium 
by Ewen & Purcell ( 1 951 ). The first mapping of the 21 em emission was 
produced by Van de Hulst, Muller & Oort (1954). Since then many surveys 
have been produced (see Kerr 1 968, Burton 1974 and Kerr 1979 for lists), 
and much has been done to interpret the information gained. Because the 
emission in any particular direction is the sum of all emission along the 
line of sight, the spatial distribution of neutral hydrogen is not readily 
obtainable. However, due to Doppler shifting of the lines, the radial 
velocities of the individual clouds may be determined. If the galactic 
rotation curve is known, it becomes possible to determine the distance, and 
hence position, of the features in the 21 em emission. The rotation curve 
itself may also be extracted from the 21cm data for radial distances from 
the galactic centre that are less than the Sun's. The usual method used is 
to assume that the maximum velocity seen in a particular direction is 
produced by gas whose circular orbit about the galactic centre is 
tangential to the line of sight. A plot of rotational velocity versus 
galactic radius can thus be built up. To obtain the rotation curve for 
6 
the Galaxy beyond the solar radius, a mass model is usually constructed 
for the Galaxy that predicts the observed inner rotation curve. This is 
then extrapolated out to the region outside the Sun. Detailed 
interpretation of the data will be discussed in the next section. 
However, the average density of HI varies with radius as shown in 
figure 1.~ As can be seen, the density is roughly constant between 4kpc 
and 14kpc and drops off either side of this band. Surprisingly, perhaps, 
there is little HI found in the central regions of the Galaxy. 
The thickness of the HI disc rises gradually with galactic radius R 
from a full width at half-maximum density (taz) of 100-200pc for R < 4kpc 
to ~z of 250pc for 4.5 < R < 10kpc. The thickness steeply increases out 
beyond R"' 12kpc to widths of Llz > 1kpc (Jackson & Kellman 1974, Henderson 
197,9 ). The HI layer out beyond R = 1 Okpc is also warped, the centre of the 
layer generally not coinciding with the galactic plane. The amount of 
warping increases with the radius and is most prominent at galactocentric 
angles of 85° and 265°, where the layer lies above and below the galactic 
plane respectively. Baker & Burton ( 1 975) have found that the warp may be 
usefully described by: 
z0 = 0.0 kpc 
z 0 = 0.12(R-9.5)cos(~-85°) 
R < 9. 5 kpc 
R > 9. 5 kpc 
( 1 • 2) 
where z0 is the height of the centre of the HI layer from the plane, and ¢ 
is the angle measured anticlockwise from the line projected from the Sun, 
through the galactic centre. Recent investigations by Henderson (1979) 
have shown that the HI layer is more like that shown in figure 1. 5. 
In cool clouds, where young 0 & B stars have been formed, the gas is 
heated (T;v104K) and ionised by the ultra-violet radiation produced. The 
ionisation is present out to a sharply defined radius from the star, known 
as the Stromgren sphere. The radius of the sphere varies as ni{2 /3, and for 
nH"' 1 atom cm-3 this ranges from 1 OOpc for an 05 star to 1pc for an AO 
star. Such regions are known as HII regions and are visible optically by 
virtue of the radiation emitted when electrons recombine with the ionised 
hydrogen nuclei. The emission lines seen are those of the Balmer series, 
with the H.c. line being the predominant one. Radio recombination lines 
have also been detected from HII regions, and are useful for detecting 
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regions that lie too far away to be seen optically because of interstellar 
absorption. The radial distribution of HII regions is shown in figure 1.6. 
Note that this distribution is quite different from that of HI regions 
(cf. figure 1.4), there being a peak in numbers around R-5kpc which is not 
apparent in the latter. This suggeBts that some factor other than neutral 
hydrogen density is contributing to the rate of star formation in the 
Galaxy. The detailed distribution of these important spiral arm tracers 
will be discussed in the following section. 
The hot interstellar gas is also ionised to some extent, and the mean 
density of thermal electrons within a few kiloparsecs of the Sun can be 
obtained from a consideration of the dispersion measures of pulsars of 
known distance (Lyne 1974). Estimates of the order of ne ~ 0.03cm-3 have 
been derived. As the recombination rate of electrons and ions is roughly 
proportional to the electron density squared and the ionisation rate is 
proportional to the atomic density, then in equilibrium n~~ nHI. Hence 
the scale height of the thermal electron disc should be greater than that 
of the neutral gas by a factor of 2 for an exponential fall-off. The scale 
height z1; 2 has been estimated by Lyne (1974) as being greater than 600pc 
and estimates made by Falgarone & Lequeux (1 973 ), using the rotation 
measures of external radio sources, indicate values of 800 to 1 OOOpc. 
This is consistent with the observed neutral gas scale height of 125pc in 
the solar neighbourhood. 
In clouds where dust is present, the gas is shielded from the 
disrupting UV photons of starlight and it becomes possible for molecules 
to form which would otherwise be dissociated. The predominant molecule 
formed is expected to be H2; however, because it does not possess 
absorption or emission lines in the optical or radio regions it is not 
easily observable. A few direct observations of H2 have been made using 
satellites to detect the Lyman absorption bands in the ultra-violet 
spectra of reddened stars (Carruthers 1970, Smith 1973, 
Spitzer et al. 1973, Spitzer & Jenkins 1975 ). Many other molecular 
species have been identified by their absorption and emission lines; these 
include CO, CH, CN, OH, NH3, H20, HCN, CS, H2co, NH 2CHO, SiO, H2S and many more 
exotic species. CO and NH 3 are perhaps the most important of these as 
they have been used as tracers of molecular hydrogen, H2. NH3 has a weak 
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distribution of HII regions in the Galaxy. 
line at 1. 3mm and has been detected in the galactic centre 
(Kaifu et al. 1975), and CO has a strong line at 2.6mm and has been 
detected in many clouds (Burton et al. 1975, Scoville & Solomon 1975, 
Gordon & Burton 1976 ). The interpretation of the CO measurements to 
obtain the distribution of u 
''2 is, however, some debate • 
.__ 
vU open 
Gordon & Burton find evidence to support the assumption that the 12co 
observed is optically thin and hence the brightness temperature is 
proportional to the integrated density of CO along the line of sight. The 
H2 density is then obtained by dividing that for CO by the constant factor 
6x1o-5. Scoville et al. (1976) on the other hand argue that the clouds are 
optically thick to 12co and that the correct relationship is 
Tb( 12co)cc nH~· 8. Solomon et al. (1979) have, however, shown that although 
each cloud is optically thick to 12co emission, the total emissivity 
depends more upon the number of clouds intercepted than on the intensity 
of each cloud, and hence 12co emission is a good indicator of the relative 
mass distribution of H2 (figure 1.7). 
The radial distributions of H2 obtained by Scoville & Solomon (1975) 
and Gordon & Burton (1976) both show a maximum at 5.5-6kpc from the 
galactic centre. The former, however, has a density of 4 H a toms cm-3 at 
the maximum, whereas the latter has 2 H atoms cm-3. Later measurements 
using 13co indicate that the maximum value is 10 H atoms cm-3 
(Solomon et al. 1979 ). Thus, the indications are that over 90% of the 
hydrogen in the inner part of the Galaxy, and 65% at the Sun, is in 
molecular form. 
The scale height (FWHM) of the molecular hydrogen has been estimated at 
1 05+1 5pc by Scoville et al. ( 1 976) or 118pc by Gordon & Burton ( 1 976 ). 
1. 2. 3 'llhe fust 
It has been known that dust is a constituent of the galactic plane 
since Trumpler (1930) showed that it was responsible for the reddening and 
extinction of starlight in the galactic plane. Much of the dust 
responible for this extinction is situated in cool clouds of gas, where it 
is often found in the presence of molecules. The dust is thought to be in 
the form of grains, which are possibly charged. The observed polarisation 
9 
1-2 
1-0 
o.e 
~ 0-6 
-
~ 
0 
u 
-
t-""' 0-4 
-
0-2 
0 2 4 6 8 10 12 14 
R (kpcl 
Figure 1.7: Radial distribution of 
distribution of molecular hydrogen (H 2 ). 
CO emission, indicating 
(Scoville & Solomon 1975) 
the 
of starlight can then be explained as a result of the alignment of these 
charged grains in interstellar magnetic fields (Davies & Greenstein 1951 ). 
Several theories have been put forward as to the makeup of these dust 
grains, ranging from 'dirty ice' to grains of graphite. The generally 
accepted view now is that the dust is a mixture of eraphi te, silicate and 
iron grains, which probably originated in the extended atmospheres of 
infra-red stars and star-like objects. Most of the dust appears to be 
present in the dark clouds and globules, but Kron (1978) has found 
evidence for a uniform dust layer, 400-600pc thick, in addition to the 
clouds. 
1.2.4 'llhe Cosmic Rays 
Cosmic rays were discovered over sixty years ago. Hess, in 191 2, 
reported the results of seven balloon flights in which gold-leaf 
electroscopes were carried. He found that after an initial reduction in 
the ionising radiation on ascent there followed an increase, which 
indicated that the radiation was coming down through the atmosphere. 
Millikan performed further experiments (Millikan & Cameron 1926) which 
confirmed that the radiation came from above, and he coined the term 
'cosmic rays'. 
At first, it was thought that the radiation was in the form of gamma 
rays, as it was very penetrating and gamma rays were the most penetrating 
of the known radiations at that time. This view changed however, when 
Skobelzyn, in 1929, using a cloud chamber, found that the tracks produced 
by the radiation were more like those of very high energy electrons than 
gamma rays. Bothe & Kolhorster (1929) confirmed the corpuscular nature 
of the cosmic rays in an experiment using Geiger-Muller tubes. 
Eventually it was ascertained that the cosmic rays seen at ground level 
were composed mostly of charged particles which were only secondaries 
produced from much higher energy primary particles entering the upper 
atmosphere. From the properties of the showers of secondaries at ground 
level it became possible to infer the nature of the primary particles, and 
with the advent of balloon and satellite experiments they became directly 
measureable. 
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The flux of cosmic rays incident on the Earth's atmosphere can be 
divided into two main components. The predominant part of the flux 
consists of the nuclei of a range of isotopes from hydrogen to beyond 
z = go. The other component is made up of energetic electrons and 
positrons, although their intensity is about a hundred times weaker than 
the nuclear component. A comparison of the properties of some of the 
various constituents and of the methods used to observe them is shown in 
figure 1.8. 
The nuclear component is predominantly in the form of protons ( p), 
which account for 85% of the flux. The dependence of the flux on energy 
can be expressed as a series of power laws. Below E = 109ev the spectrum 
is not known, because of solar modulation effects, but between 109ev and 
1015ev the differential spectrum has a spectral index of -2.6. At 1015ev 
there is a 'knee' in the spectrum and the slope steepens to have a spectral 
index of -3.1. Then, at 1 o1 9ev, there is an I ankle'' where the slope 
flattens with a typical index of -2.~ 
The electron component may also be expressed as a power law between 
1 Ge V and 1 OOOGe V. The spectral index of the differential energy 
distribution being -2.6 (figure 1.9). Over this range of the spectrum the 
electron flux is well represented by the formula: 
(1. 3) 
Below N1GeV the effects of solar modulation confuse the true picture of 
the energy dependence of the interstellar flux; however, observations of 
the spectral variation of radio emission from the Galaxy indicate that the 
electron spectrum flattens to have a spectral index of -1.8 below 1GeV 
(Webster 1 971 ). 
The question of the origin of these cosmic rays has been the source of 
much debate in the past. It is becoming accepted that the bulk of the 
nuclear flux must have its origin in the Galaxy in order to explain the 
observed gamma-ray distribution (Ginzburg 1975, Strong et al. 1977). 
However, the very high energy particles (E > 1017ev) still present 
problems because of their observed isotropy (Cesarsky 1980). It is known 
that at least a significant part of the electron component must be of 
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galactic origin, as electrons with energies of greater than 1010 - 1011 ev 
formed in other galaxies would scatter and lose energy by the inverse 
Compton mechanism on the 3K background radiation. 
Gi ver1 that cosmic rays 3-re of galactic origin 7 the most likely 
candidates for their production are the numerous supernova explosions in 
the galactic disc. Having entered the interstellar medium, they 
contribute significantly to the dynamics of the disc. In the Sun's 
locality the cosmic ray energy density is about the same as the thermal 
energy of the interstellar gas, and hence the cosmic ray pressure is 
comparable to the interstellar gas pressure. 
What can be said about the distribution of cosmic rays throughout the 
Galaxy? The only confining mechanism for such energetic particles can be 
the presence of a magnetic field frozen into the interstellar gas. Such 
confinement is quite weak, however, and so it is expected that cosmic rays 
must diffuse out of the galactic disc to form a cosmic ray 'halo'. The 
presence of high-latitude radio emission from the Galaxy indicates that 
some form of cosmic ray electron halo exists, and the observed low 
anisotropy of the nuclear component indicates a large confinement region 
for such particles. Evidence from the gamma-ray measurements at high 
latitude favours a flattened electron halo of half-width 1.5kpc, and a 
nucleon halo with half-width< 3kpc (Stecker 1979). Observations of the 
elemental composition of the stable nuclei in the cosmic rays suggests 
that they have passed through a mean thickness of 5gcm-2 in the 
interstellar medium, and information about the abundance of secondary 
radioactive nuclei in the flux leads to an estimate of 1.7x1 o7years for 
the time spent diffusing from the source regions. Using these results, 
many different models for cosmic ray diffusion through the Galaxy have 
been investigated. A more detailed account of some of the more important 
models is given in appendix II. Again, most of these models require the 
presence of a galactic halo. 
Investigating the longitude distribution of gamma rays in the galactic 
plane has lead Stephens ( 1 979) to conclude that the cosmic ray density 
varies as: 
12 
PcRG>exp( 1 -R/R0 ) 
constant 
( 1 . 4) 
where R0 is the solar radius and ~CR~ is the cosmic ray density at the 
Sun. Comparing the gamma-ray and radio emission data, he also infers that 
the proton Lo electron ra~io in cosmic rl:iys of energy ~1GeV remains the 
same over the extent of the Galaxy. 
1. 2. 5 'llhe Magnetic Field 
The presence of a large-scale magnetic field in the Galaxy was first 
put forward following investigation of the polarisation of starlight. 
Hiltner (1949), attempting to verify the predicted pl~ne-polarisation of 
light caused by the atmospheres of young stars, discovered that the light 
from other types of star was also polarised. From his observations, he 
inferred that the polarisation was caused by the interstellar medium and 
was not attributable to the stellar atmospheres. It is now generally 
understood that the cause of this polarisation is interstellar dust grains 
which have become aligned with their minor axes parallel to one another. 
A mechanism for this alignment, suggested by Davis & Greenstein (1951 ), 
involves the orienting of charged dust grains such that they are rotating 
about their minor axes in the direction of the prevailing interstellar 
magnetic field. The resulting polarisation produces light with the E-
vector parallel to the projected direction of the magnetic field 
perpendicular to the line of sight. From observations of many stars over 
the sky, the form of the local magnetic field can thus be determined 
(figure 1.10 ). However, the interpretation of such polarisation data is 
somewhat subjective. Mat hewson (1968), for example, found evidence for a 
helical field in the data, but Gardner et al. ( 1 969) found the same data 
consistent with a field running parallel to the plane in the direction 
1-st= 50°. Axon & Ellis (1976), from a catalogue of over 5000 polarisation 
measurements, have found a model consisting of an irregular field 
superimposed on a regular component in the plane gives a reasonable fit. 
The best direction for the regular component, they estimate, is towards 
llt 45°+1 5°. 
A second effect which is useful in determining the properties of the 
interstellar magnetic field is that of the Faraday rotation of radio 
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220 200 180 
waves. This results when polarised radio waves pass through a magnetic 
field which is present in an ionised medium. The angle through which the 
polarisation is rotated is given by: 
11 2 r R.M. = 8.1x10 A J HU ne d1 ( 1 r:; i \ ' ,. ,...1 I 
where H8 is the line of sight component of the magnetic field strength (in 
gauss), ne is the density of electrons (cm-3), A is the wavelength of the 
radio waves (em) and lis the path length (pc). Two sources of radio waves 
provide useful information about the galactic magnetic field: 
extragalactic radio sources and pulsars. Measurement of the variation the 
angle of rotation of polarised waves with frequency for these sources 
gives a determination of the integral of the product of field and electron 
density between the source and the Earth. For the extragalactic sources 
(figure 1.11a) interpretation is difficult because of intrinsic rotation 
in the sources; however, there are indications that a field in the plane 
exists and is directed towards lu - 90° (Gardner et al. 1969, Vallee & 
Kronberg 1975, Kronberg & Simard-Normandin 1979). Estimates of the field 
strength indicate it has a strength of 4. 5+1. 6x1 o-6 gauss (Ruzmaikin & 
Sokuloff 1977 ). 
The data from pulsars are more useful because of a second effect of the 
interstellar medium on the radio waves, namely the dispersion of the radio 
pulses as they travel through a plasma (Davies et al. 1968). The result of 
---
this effect causes the lower frequency parts of the pulse to arrive later 
than higher frequencies. From the difference in arrival times of the 
various components, the integrated electron density between the Earth and 
the source can be obtained: 
d t/ d"" = -81 00 /'\13 J ne d 1 ( s.Hz - 1 ) (1. 6) 
where "\1 is the frequency of the radio pulse. Thus, combining the 
dispersion measure with the rotation measure for pulsars, the magnetic 
field strength can be evaluated: 
<Hq> = J ne H11 dl / ) ne dl ( 1. 7) 
This gives a value for the mean component of the magnetic field, weighted 
by the electron density, along the line of sight to the pulsar. 
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Figure 1.11a: Rotation measures of extragalactic radio sources. (Kronberg 
& Simard-Normandin 1979) 
Q1~G 
Figure 1.11 b: Mean line-of-sight magnetic field components in the paths to 
pulsars. Filled circles indicate a positive rotation measure (field 
directed toward the observer). (Manchester & Taylor 1977) 
Manchester & Taylor ( 1 977) find, from measurements on sui table pulsars, 
that a regular field in the direction 11I ~ 90°+4° and of strength 
1.7~0.3fG is indicated (figure 1.11b). They also find evidence for an 
irregular component of a comparable strength. 
If fields are present in the clouds of HI gas in the interstellar 
medium, then Zeeman splitting of the 21 em line should be observed (Bolton 
& Wild 1954). Verschuur (1969,1970) has postulated that the fields in 
clouds are stronger as a result of the condensation of the cloud from the 
intercloud medium. He finds evidence for this from the Zeeman splitting 
observed in HI clouds and from this he infers an interstellar magnetic 
field strength of a few microgauss for a interstellar gas density of 
1 atom cm-3. 
The analysis of the non-thermal radio emission from the Galaxy can also 
yield some information about the magnetic field, as it is thought to be 
produced by relativistic electrons spiralling along the flux lines (see 
section 1.5). Details of the distribution are difficult to obtain 
however, because the electron flux density is not well lmown. 
1. 3 Spiral Structure 
In the previous section, the general properties of the components of 
the Galaxy were reviewed. This section will deal with the evidence for 
the more detailed patterning that exists within these components. 
1. 3. 1 'llhe Spiral Arms 
Following the discovery (Baade & Mayell 1951) that young 0 and B star 
clusters and associations, and related emission nebulae, were good tracers 
of spiral structure in M31, Morgan et al. (1952a,b) tried to map the 
distribution of these objects in our own Galaxy. They found evidence for 
spiral arm structure in the vicinity of the Sun. The distributions 
indicated the presence of three arms, one to the inside of the Sun, the 
Sagittarius arm, one passing near to or through the Sun's position, the 
Orion arm, and one further out from the Sun, the Perseus arm. Many other 
workers have mapped these objects in more detail since then, but the 
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presence of the three local arms is still evident (Becker & Fenkart 1970, 
Humphreys 1979) (figure 1.12). The distributions of many other types of 
object have also been found to exhibit spiral structure; for example Wolf-
Rayet stars (Smith 1968,1970), M supergiants (Humphreys 1970), stellar 
rings (Issersted t 
(figure 1. 1 3). 
-t r11"'71i .. r\r'fr-t '\ 
I :J I v, I :J I i j and young Cepheids (Tammann "' rvtt\ \ i J iV) 
The distribution of HII regions is also expected to trace out any 
spiral structure in the Galaxy. These may be detected in the optical 
region by Hoc emission, and in the radio by radio recombination lines. The 
distances to the optical HII regions can be calculated by a combination of 
spectral and kinematic methods. Beyond about 8kpc from the Sun 
obscuration due to dust makes optical detection of HII regions impossible 
and so radio measurements must be employed. To obtain the radial distance 
to these radio HII regions the observed radial velocities are used in 
conjunction with a rotation model for the Galaxy, in a similar way to that 
used in obtaining HI distributions. The most recent and detailed work on 
the distribution of HII regions throughout our Galaxy has been presented 
by Crampton & Georgelin ( 1 975 ), Georgelin ( 1 975 ), Georgelin & Georgelin 
(1976) and Georgelin et a1. (1979) (figure 1.14). Georgelin & Georgelin 
(1976) have suggested that a four-armed spiral pattern gives the best fit 
to the distribution of HII regions, though Bash ( 1 981 ) favours a two-armed 
spiral fit to their data. 
Lynds (1980) has found from studies of the distributions of HII regions 
and dust in other spiral galaxies that there is evidence to support the 
predictions of spiral density wave theory, where the dust is expected to 
be found on the inner edges of the spiral arms. Analysis of the 
distribution of dust clouds in the locality of the Sun has led Uranova 
(1970) to conclude that the majority belong to the local Orion arm, but 
that there is evidence to suggest that some dust is concentrated at the 
inner edges of both the Perseus and Sagittarius arms, also in accordance 
with density wave theory. 
The distribution of gas in the Galaxy also displays spiral structure. 
The HI distribution can be extracted from 21 em measurements; however, the 
method used to obtain the cloud positions relies on assumptions made about 
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the nature of the kinematics of the gas. The use of different models and 
the somewhat subjective identification of features in the velocity 
profiles of the 21 em data leads different workers to derive quite 
different arm patterns in the HI distribution. For example, compare the 
distributions from Kerr ( 1 969) and Weaver ( 1 970 ), shown in figure 1. 15, 
both of which were derived from essentially the same data. However, it is 
generally accepted that some spiral structure is present in the neutral 
hydrogen gas. Unfortunately Scoville et al. ( 1 979) did not find such 
structure reflected in the 2.6mm co cloud distribution. 
Cohen et al. (1980), on the other hand, found with their survey that CO 
clouds were excellent tracers of spiral structure. 
Finally, the observed emission of radio and gamma radiation from the 
galactic plane indicates the presence of spiral arms in the Galaxy. Mills 
(1958) was one of the first to point out that these show up in the 
longitude profiles as steps or shoulders in the emission. However, though 
the presence of spiral structure is indicated, extracting the details of 
the pattern is not easy. A review of the various attempts to unravel the 
spiral structure from the galactic radio emission is given in section 1.5. 
The general picture of the spiral structure of our Galaxy that emerges 
from all the various lines of research is that it has relatively loosely 
wound spiral arms, placing it between Sb and Sc in the Hubble 
classification. This is deduced mainly from the observation that the 
pitch angle seen locally appears to be about 12°, which implies an open 
spiral pattern. The number of spiral arms present in the pattern is not 
certain. A four-armed pattern seems to fit the HII data quite well 
(Georgelin & Georgelin 1976), though Bash (1981) prefers a two-armed 
spiral fit to the data. The pattern extracted from the HI data seems to 
require a multi-armed structure, though possibly not all of the features 
seen should be considered as major arms but may instead be interconnecting 
arms and feathers. The local Orion arm is considered by many to be such an 
interarm feature, and there is some evidence to suggest that it joins the 
Perseus arm in the direction 1~ = 90°. 
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Figure 1.15: Spiral structure of the neutral hydrogen in the Galaxy 
derived from 21cm measurements. Kerr's (1969) interpretation is given by 
the thin dashed line and Weaver's ( 1970) interpretation by the thick 
continuous line. 0 marks the position of the Sun. (Bok 1971) 
1. 3. 2 'llhe Central Region 
Determining the structure of the centre of the Galaxy was not possible 
until the detection of radio waves, because the dust of the plane 
effectively obscul~es any d.ir·~et optical observation of the nucleus. In 
1960 Rougoor & Oort mapped the central regions in 21 em emission, and the 
first indications of its structure were obtained. What was found was • 
quite surprising, namely the existence of two high-velocity arm features. 
The first of these was interpreted as being due to a partial arm, 3kpc this 
side of the centre, in which the gas was rotating with the expected 
differential rotation but was also expanding out from the centre towards 
the Sun at 50kms~ 1 • The second feature was attributed to a partial arm on 
the far side of the Galaxy, at a radius of between 2.5 and 4.5kpc, which was 
expanding away from the Sun at a velocity of 135kms-1• Such expanding 
arms implied the existence of violent activity in the centre of the Galaxy 
in the past (see Oort 1977 for a review). La. ter workers, however, have 
suggested that the HI velocity features can be explained by non-circular 
motion about a bar-like distortion of the galactic nucleus (Shane 1972, 
Simonson & Mader 1 973, Peters 1975, Liszt & Burton 1980 ). Others favour a 
bar and ring structure in the centre (de Vaucouleurs 1964, Kerr 1967,1969). 
This has led de Vaucouleurs (1970,1979) to suggest that our Galaxy has a 
Hubble classification of SAB(rs)bc; that is, a fairly loose spiral (Sbc) 
with a weak bar (AB) and a weak ring (rs). 
The inner HI observations seem to be best understood in terms of a 
tilted elliptical bar of gas. Burton & Liszt (1979) and 
Liszt & Burton (1980) have proposed that the inner 1.5kpc of the HI gas is 
tilted towards the Sun such that its vertical axis makes an angle i = 70° 
with the galactic plane, and is rotated anticlockwise by 0( = 13.5° when 
measured in the plane of the sky. They propose that the gas is confined to 
an elliptical disc with a major axis of 1.86kpc and a minor axis of 0.6kpc, 
such that the minor axis makes an angle of 45° to the lx = 0° direction, 
in the plane blt = 0° (figure 1.16). The apparent expanding motions of 
the gas are thus a result of the elliptical streaming in the bar. However, 
this is purely a kinematic model that fits the facts, ·no dynamic 
foundation has yet been proposed for it. 
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Figure 1o16: (a) Projection on the plane of the sky of the inner 1.5kpc of 
HI gas as proposed by Liszt & Burton ( 1980). (b) The geometry of the 
inner elliptical HI disc. The xz-plane coincides with the 1~ = 0° plane, 
the yz-plane lies in the plane of the sky and the xy-plane coincides with 
the b1t = 0° plane. The angles are IX= 13.5°, i = 70° and eo= 41.5°. 
Many different molecular species have been detected in the region of 
the galactic centre, indicating the presence of cold dense material. 
Carbon monoxide, formaldehyde and the hydroxyl radical have all been seen, 
and analysis of the spectra of these molecules has revealed that the cold 
dense material is moving out from the galactic centre with large radial 
velocities. This has lead to the proposal that there exists an expanding 
ring of molecular material encircling the centre with a radius of ,.., 250pc 
(Scoville 1972, Kaifu et al. 1972 ). The CO, 2.6mm, observations also 
display features similar to the 21 em features attributed to the 3kpc 
expanding arm (Bania 1977,1979 ). Again, however, Liszt & Burton ( 1 979) 
have proposed that the CO observations, including those of the inner 
expanding molecular ring, can be equally well explained by a kinematic 
model similar to that proposed for the HI. 
The presence of ionised gas in the galactic centre has been established 
from measurements of its thermal radiation and the detection of radio 
recombination lines there (Mezger & Pauls 1979). This appears to extend 
from the centre to a radius of about 150pc and seems to come from a low 
density extended ionised gas with a number of embedded giant radio HII 
regions. Mezger & Pauls propose that the extended ionised component is a 
result of the coalescing of Stromgren spheres. The presence of giant HII 
regions indicates that recent, large-scale star formation has taken place. 
The young hot 0 stars associated with the giant HII regions appear to be 
responsible for heating the dust grains present, which subsequently emit 
radiation in the far infra-red. 
Finally, the very centre of the nucleus also possesses a strong radio 
source, known as Sagittarius A. This complicated structure consists of a 
thermal component, Sqr A West, a non-thermal component, a halo of thermal 
and non-thermal emission and a point-like source. S~r A West is thought 
to be a compact HII region surrounding a cluster of hot 0 stars, and the 
partly thermal halo is attributed to extended lower density HII gas. 
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1.4 The Dynamics of Spiral Structure 
In this section a brief summary is given of some of the theoretical 
ideas put forward to explain the various spiral, ring and bar structures 
seen in other galaxies and our own. 
It was realised quite quickly that the spiral arms of our Galaxy could 
not be solid- bodied material arms, because the effects of the observed 
differential rotation would cause them to wind up into tight spirals 
within a few revolution periods. As the age of the Galaxy is known, from 
other evidence, to be much greater than its revolution period, this implies 
that the spiral arms must be either continually regenerated or that the 
spiral pattern is not tied to the stars and gas but is only superimposed 
on the material of the disc. Lin & Shu were among the first to propose 
that the galactic spiral patterns were caused by density waves moving 
through the galactic disc, and in a series of papers (Lin & Shu 1964, 1966; 
Lin, Yuan & Shu 1969) they demonstrated the theoretical basis for such 
waves. Their approach to the problem was as outlined below. 
They assumed a model in which the gas and stars were confined to an 
infinitesimally thin layer along the galactic plane. They then assumed 
that within this layer there was already a spiral distribution in the 
density c:r of the matter. Then, using Poisson's equation: 
~'"V + ) ... V + l.V+l\'V = 411"Ga-(r;e) ~(z) 
~,'" ~ ... • .. ~,. ~"\8" 
(1. 8) 
they showed that a spiral perturbation of the gravitational potential V 
was produced. Taking this spiral perturbation of the gravitational field, 
they then solved the equations of motion for the stars and gas moving 
through it, assuming a basic kinematic state given by the Schmidt rotation 
curve (Schmidt 1965 ). In solving these equations, tightly wound spirals 
were assumed, and only small perturbations from the basic state were 
considered. These assumptions linearise the equations, and the solutions 
obtained are usually referred to as the linear density waves. The 
resulting response of the gas and stars was also found to be a spiral 
density perturbation, hence confirming the initial assumptions. Equating 
the initial distribution hypothesised with the predicted distribution 
yielded the dispersion relation for spiral density waves: 
20 
~ (1- -v ... ) = F:(x.) + ~0 F~(xg) (1.9) \kl s 
.. 0 
where S•0 and Sgo are the unperturbed surface mass densities of the stars 
and gas respectively, and ~ is the dimensionless frequency of the spiral 
waves given by: 
( 1 . 10) 
where m is the number of spiral arms in the pattern, .n,. is the angular 
velocity of the pattern and Sl is the angular velocity of the stars and 
gas at radius r. The epicyclic frequency K is determined by: 
K 1. = ( 2 n.) 2 ( 1 + 2 r ..lSt) 
Jt;r;:; 
k.., is related to the Toomre scale-length 'AT by: 
k = 2,. = K 2 /2 ,. G S 
*- - MO 
"'T 
(1.11) 
(1.12) 
where G is the gravitational constant. 
.,. , 
The functions F~ and F~ are both 
functions of ""', and of x,.. and xg respectively. The parameters x,.. and xg 
are measures of the radial dispersion velocity of the stars, and the sound 
speed in the gas respectively. 
x• = k2<average radial dispersion veloci ty>/~-<t 
xg = k2<average velocity of sound>/~~ 
The form of the dispersion relation is shown in figure 1.17. 
(1.13) 
Several useful results can be obtained from a closer study of this 
relationship. Firstly, it predicts that there are two places where the 
wavenumber k is zero, that is the arms become circular. This occurs at 
values for ').) of +1. Thus : 
and hence: 
m(n. p - .Sl) = +1 
K 
.n. = Jl + K /m p -
(1.14) 
(1.15) 
The radii where these conditions are true are known as the inner and outer 
Lindblad resonances. At these points the frequency at which a star 'sees' 
an arm is equal to the epicyclic frequency, and hence a resonance is set 
up. 
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Figure 1.17: Dispersion relation for a marginally stable stellar disc. 
(Shu 1970) 
It can also be seen from figure 1.17 that there can occur a situation in 
which the frequency ~ is zero. At such a position, the angular velocities 
of the stars and pattern are equal, and this occurs at what is known as the 
corotation radius. What is also apparent from the relationship is that 
leading and trailing waves are both equally valid, and that in ma...D.y 
regions of the galactic plane two solutions to the wave motion exist. 
These modes are usually referred to as the long and short wave solutions. 
Using the Schmidt model of the Galaxy; which produces the rotation 
curve shown in figure 1.1~ it can be seen that to establish a stable two-
armed density wave pattern over most of the Galaxy, that is with the inner 
Lindblad resonance at about 4kpc; the pattern speed must lie in the region 
of 11-13 kms-1 kpc-1• This places the corotation radius between 16 and 
18kpc from the centre. The pattern predicted using these values is shown 
in figure 1. 1 9. 
The spiral wave pattern produced by the linear theory of density waves 
would, however, not be very prominent visually, as only small perturbations 
to the densities were considered. The enhancement of density produced at 
a minimum in the gravitational potential would not be sufficient to 
produce the observed bright, sharply defined arms seen in other galaxies. 
From a theoretical point of view, what is needed is to examine the non-
linear solutions to the gaseous flow. This was first done by 
Roberts ( 1 969 ), who solved the equations of motion numerically. He 
assumed that the small spiral perturbaion of the gravitational field was 
largely caused by the stellar population, and that it was approximately 
independent of the gas distribution. He then solved the hydrodynamic 
equations for the gas flowing through this spiral field, assuming the 'two-
phase' model of the gas. He found that he could obtain solutions in which 
the gas flowed in closed, nearly concentric stream tubes, which contained 
two periodically located shock waves. This he termed the STS solution 
(Stream tube band through Two periodically located Shock waves) 
(figure 1.20). Along a stream tube the gas behaves as shown in 
figure 1.21. The complete family of STS solutions gives the composite gas 
flow over the whole galaxy, and is referred to as the Two-Armed Spiral 
Shock (TASS) pattern. From this work, it was now possible to see how 
narrow, well-defined, spiral arms might be formed. Gas moving into such 
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Figure 1.20: STS solution for gas flowing through a spiral density wave. 
Each streamline appears as a sharp-pointed oval with a sharp turning point 
at each shock. (Roberts 1969) 
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Figure 1.21: Behaviour of gas along a streamtube in the STS solution. ~ 
is the perturbation of the gas surface density <T, caused by moving through 
the spiral gravitational potential V. w~ and w,, are the components of the 
gas velocity perpendicular and parallel to the spiral arm respectively. 
(Roberts 1 969) 
shocks would be compressed, and any dust associated with the gas would 
also be concentrated, producing dust lanes. Clouds moving with the gas 
would also be compressed on hitting the shock, and those which were on the 
verge of gravitational collapse might be triggered into star formation by 
the sudden compression. As the gas left the shock it would rather quickly 
be decompressed, and star formation would cease. One would thus expect 
that a region behind the dust lane would exist in which new 0 & B stars, 
and their associated HII regions, would be found (figure 1.22). This 
agrees well with much of the current information that exists on other 
galaxies and our own. 
So, it seemed that density wave theory might provide an excellent 
explanation of the presence of spiral structure in galaxies. However, 
work done by Toomre (1969) demonstrated that these quasi-stationary state 
density waves, when in the form of a wave-packet, had a tendency to split 
in half at the corotation radius and drift towards the nearest Lindblad 
resonance, where they were quickly dissipated. He estimated that this 
effect would take of the order of a few revolution periods of the pattern 
to accomplish; so, to maintain the density wave pattern, there must be some 
source of new waves to take the place of those that drift away and 
disappear. Following this, several proposals have been made of mechanisms 
which would lead to the maintenance of spiral waves in a galaxy. Lin 
( 1 970) put forward a mechanism whereby the inwardly propagating wave-
packet sets up a bar-like distortion in the galactic nucleus, which in 
turn disturbs the outer portions of the galaxy where the wave-packet 
originates. Thus some sort of partial feedback mechanism may be set up. 
Also, such a bar-like disturbance produces long wavelength trailing 
density waves, which then propagate outward to the corotation circle. On 
reaching the corotation radius, Mark (1976a,b) has shown that two short 
waves are formed, one moving outwards and an amplified one moving inwards. 
Hence a quasi-stationary pattern of a two-armed spiral type may be set up. 
Toomre (1981) has also suggested that tidal disturbances caused by close 
encounters with neighbouring galaxies may result in the triggering of 
spiral density wave patterns. 
Recently the idea of spiral arms being formed from shocks in the 
interstellar medium has been brought into question because of the evidence 
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Figure 1.22: Shock and star formation in a spiral galaxy. 
that a large proportion of the interstellar medium is filled with a very 
hot tenuous gas (McKee & Ostriker 1 977 ). The sound velocity in such a gas 
is of the order of 120kms-1, whereas the streaming velocities induced by 
the density waves are only of the order of 10-25kms-1, and hence strong 
shocks "\'l'Ould never develop. However; Rei.nh;:,rdt & SclLmidt-Kaler (1979) 
have suggested that the hot component has a large volume filling-factor 
only in the spiral arms, the interstellar medium between the arms being in 
a state capable of supporting density wave shocks. Schmidt-
Kaler & Weigandt (1980) have pointed out that the difficulty may not 
exist if the effective sound velocity is determined largely by the 'warm' 
rather than the 'hot' component. Brand & Heathcote ( 1 982) have shown that 
self-sustaining spiral waves can be obtained with the three-phase model of 
the interstellar medium, provided that certain restrictive conditions are 
imposed on the values of the galactic supernova rate and the mean 
interstellar gas density. 
Although density wave theory is the most attractive explanation of 
spiral arm formation in the galaxy, several other mechanisms have also 
been put forward. Pismis ( 1 970,1979) has suggested that the gas from 
which a galaxy condenses may have a bipolar magnetic field permeating it. 
As the gas contracts, the frozen-in magnetic field lines are carried along 
with it. However, in the two polar directions of the field the plasma 
leaks out, and differential rotation causes the track of material left 
behind to form into spiral arms. He does not, however, give any 
explanation of how such patterns are maintained. 
Another alternative spiral-arm-forming mechanism is that of stochastic 
star formation, proposed by Gerola & Seiden ( 1 978 ). In this process, 
aggregates of stars are created by a chain reaction mechanism in which 
shock waves from the supernova explosions of high-mass stars induce the 
formation of more high-mass stars, which then in turn cause further shock 
waves when they go supernova. The differential rotation of the galaxy 
then stretches these strings of stars out into spiral arm features. 
Numerical experiments with such a model did, in fact, generate spiral 
features that appeared to be very similar to those found in real galaxies. 
They also demonstrated that the spiral patterns they obtained display 
correlations between morphological type and rotation curve that are 
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similar to those found in actual galaxies (Seiden & Gerola 1979). 
1.5 Galactic Structure from Synchrotron Emission 
This section presents a review of some of the previous attempts made to 
model the galactic radio continuum emission in terms of a smooth 
distribution of synchrotron emissivity throughout the Galaxy. The 
detailed derivation of the characteristics of radio emission by the 
synchrotron mechanism is given in appendix I. 
There are two main lines of approach in trying to interpret the radio 
emission of the Galaxy. The first may be termed the 'deconvolution' 
approach, where an attempt is made to analytically deconvolve the observed 
two-dimensional distribution of radio brightness to obtain the three-
dimensional distribution of emissivity. With such an approach, certain 
assumptions usually have to be made which simplify the expected structure. 
For example, rotational symmetry or logarithmic forms for the spiral arms 
may be assumed. Such a method typically involves numerically inverting an 
integral equation, or performing an iterative procedure to extract the 
spacial distribution from the observed data. 
The second of the two approaches may be termed the 'modelling' approach. 
Here, a model for the Galaxy is chosen and the radio emission expected from 
it is predicted. The detailed structure of the model is then adjusted 
empirically to give the best fit to the actual observations. 
Both these techniques have been employed with some success, though it 
is fair to say that many of the conclusions reached are strongly 
influenced by the constraints assumed. 
The first person to recognise that the spiral structure of the Galaxy 
was evident in the radio continuum emission was Reber (1944). He 
interpreted the secondary maxima seen in the emission profile along the 
galactic plane, at 163MHz, as being the directions tangential to the spiral 
arms of the Galaxy. He concluded that spiral arms existed in the 
direction of Cassiopeia, Cygnus and Canis Major. Unfortunately, Reber's 
ideas were not taken up, and were largely forgotten for the next fifteen 
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years until Mills (1959), analysing his observations of the radio 
continuum at metre wavelengths, again suggested that the steps and bumps 
seen along the galactic plane might be due to non-thermal radiation from 
spiral features in the Galaxy. He also considered that the presence of 
high temperatu:rAA i'le8n at intermediate latitudes indicated that the 
Galaxy possessed a strong radio halo. Later, however, it was realised 
(Baldwin 1967) that these high temperatures were chiefly caused by large 
spur-like features, for example the North Polar Spur, which are probably of 
a local nature and so should not be attributed to a general halo emission 
as Mills had thought. 
Using a very simple model for the galactic emission, Baldwin ( 1 967) was 
able to determine values for the parameters in his model that gave the 
best account of the observed emission. Assuming the emissivity to be 
uniform and confined to a circular disc of radius 8. 7kpc, with the Sun at a 
radius of 10kpc, he estimated the disc to have an equivalent thickness of 
750+1 OOpc, and an emissivity of 19K kpc-1 at 400MHz. Using a uniform 
spherical model for the halo of the Galaxy, and comparing the relative 
brightness temperatures observed in the directions 111 = 180° and 0°, at 
latitudes of b'lt = +45°, he estimated its emissivity to be 1/40th of that 
in the disc and its radius to be 22kpc, for a zero extragalactic 
contribution, or 18kpc for a contribution of one-third to the high-
latitude background temperatures at 100MHz. Concerning the origin of the 
step-like features in the emission, he favoured the suggestion that these 
were a result of variations in a smooth continuum of emission caused by 
synchrotron radiation from the interstellar medium, rather than variations 
in the density of discrete radio sources (Davies & Hazard 1 962 ). 
Ilovaisky & Lequeux (1 972) took the simple disc model of Baldwin 
further by assuming that the emissivity was not uniform throughout the 
disc. They still assumed the disc to be circularly symmetric. Obtaining 
a symmetricised radio brightness profile from the 150MHz observations, 
they were able, by inverting the resulting Abel integral numerically, to 
obtain the variation of emissivity necessary in the disc for the inner 
regions of the Galaxy (figure 1.23 ). Examining the variation of 
brightness temperature out of the galactic plane, they found that a model 
consisting of two discs of different thicknesses produced better 
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agreement than a single disc. Within each disc the emissivity was taken 
to be a constant value. They obtained best agreement for a model with an 
inner disc, 8-10kpc in radius with a thickness of 500pc and an emissivity 
of 200K kpc-1, and an outer disc, 8-1 Okpc in radius with a thickness of 
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need for an extensive radio halo. 
The next step was taken by Price (1974); who obtained a more accurate 
fit to the details of the emission profile in the plane by considering a 
spiral component in his galactic models, as well as the usual basic disc 
distribution. Using the 150MHz data of Landecker & Wielebinski ( 1 970 ), 
Wielebinski et al. (1968) and Hamilton & Haynes (1969), he obtained a 
distribution from the observed radio brightness that was smoothed to a 
resolution of 3°. He then tried various forms of the basic disc 
distribution, including constant emissivity discs of radii 1.4 R0 and 
0. 9 R0 , where R0 is the solar radius; discs with linear fall-off in 
emissivity; ones with exponential fall-off, exp(-cxR) truncated at 1.4 R , 
0 
the best being with o< ~ 1 /6; and one using the empirically determined 
distribution of Ilovaisky & Lequeux (1972) truncated at 1.4 R0 • Of these 
various models for the basic disc distribution, the best underlying fit to 
the smoothed data was obtained using the exponential fall-off model or the 
empirical distribution of Ilovaisky & Lequeux. The spiral component of 
the distribution was based on the regular, two-armed spiral pattern 
predicted by Lin & Shu (1967), using density wave theory. The arms in 
Price's model were considered to be 1kpc wide and to possess four times the 
emissivity of the basic disc. He also assumed that the synchrotron 
emission was purely isotropic, that is there was no regular component to 
the magnetic field in his model of the Galaxy. Using such a model, Price 
then compared the predicted emission with the smoothed profile of the 
150MHz observations for various placings of the Sun with respect to the 
spiral pattern. The positions tried were: the Sun half-way between two 
arms, near to the inside of an arm, exactly on the inside edge of an arm, 
and in the middle of an arm. He concluded that the best fit to the data 
was obtained with the Sun on the inside edge of an arm, as this produced 
the best fit to the large secondary maxima in the profile at 1 :a ~ 80° and 
265°. It has been argued by French (1977), however, that these peaks are 
not produced by the general spiral structure but are predominantly caused 
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by the active Cygnus complex and Vela supernova sources. In this case the 
model preferred by Price overestimates the spiral contribution in these 
directions. 
Paul et al. ( 1 976) used a model of the Galaxy in which the square of 
the magnetic field strength (B2 ) was taken to be proportional to the 
electron flux density throughout the Galaxy. The distribution of electron 
flux density was taken to have a basic disc and a spiral component, as 
considered by Price, and the basic disc density was made to fall off away 
from the galactic centre in the same way as in Price's model (figure 1.24). 
The spiral component again was a two-armed geometric spiral based upon the 
pattern predicted by Lin, Yuan & Shu (1969) from density wave theory. The 
Sun was taken to be near the inside edge of a spiral arm, and the arms 
themselves were taken to be a constant width of 500pc. The electron 
density within an arm was taken to be a function of galactic radius and 
was constant across the arm width. This function was adjusted to give the 
best fit to the observations, the final form being that shown in 
figure 1.25. The variation of electron density out of the plane was taken 
to be a gaussian function of the height above the plane z. The width of 
this gaussian, however, was taken to vary with radius, having a HWHM ( Z) of 
1 OOpc at the galactic centre, and increasing towards the outer parts of 
the Galaxy (cf. Lequeux 1974). Further out from the plane than z = Z the 
distribution was taken to be that of a gaussian with HWHM of four times 
the distribution closer to the plane. The observations used to compare 
with the predicted radio emission were obtained from the 
Landecker & Wielebinski (1970) 150MHz survey. From these data a constant 
diffuse background temperature of 150K was subtracted, as well as 
estimates for the emission of three of the main SNR loops: the North Polar 
Spur, the Cetus Arc and Loop III, responsible for the major radio spur 
features (Berkhuijsen et al. 1971, Berkhuijsen 1973). From the remaining 
temperature distribution, a longitude profile was construe ted by taking 
the average of the brightness temperatures between -10° < b 1L < +1 0°, and 
latitude profiles of the inner Galaxy, integrated between 
300° < 1 It < 30°, and the outer Galaxy, integrated between 
90° < 1 "'t < 1 60° and 200° < 11t < 260° were produced (the section 
containing contributions from the Crab Nebula being omitted). However, 
Osborne (private communication) has pointed out that the plane profile 
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derived by them was not produced correctly; the blf. = 0° values being 
taken to be zero in the averaging. Putting in the actual values at 
b 'It = 0° gives a considerably different profile. The comparison between 
the predicted emission and their derived profiles is shown in figure 1.26. 
Paul et al. also investigated Lhe effec L uf having a regular magnetic 
field component in their model. The original version had assumed a purely 
irregular field and an isotropic electron flux. They found that if such a 
component were present then it could not contribute more than 30% of the 
total field, or the tangential peaks produced were too insignificant. 
French & Osborne, continuing the exploration of models for the 
distribution of synchrotron emissivity at 150MHz, included much more 
detail than previous workers (French & Osborne 1976, French 1977, Brindle, 
French & Osborne 1978). Their models were based upon the predictions of 
density wave shock theory; but the spiral patterns used were derived from 
the results obtained from observations of HI and HII regions. As the 
modelling work presented in this thesis is a direct extension of their 
work, a full account of this is presented in chapter 3. 
The model they considered provided the best fit to the observed radio 
profiles at 150MHz had a fluted disc of emission, similar to that of 
Paul et al.; but with a more extensive low emissivity halo. The halo was 
found to be necessary to account for the high-latitude brightness 
temperatures, as they considered only 50K of that observed to be of 
extragalactic origin, rather than the 150K used by Paul et al. Their 
final model also possessed both regular and irregular components to the 
galactic magnetic field, and they estimated the regular field to 
contribute about 40% of the total field. 
Jakel et al. arrived at similar conclusions to French & Osborne 
regarding the makeup of the galactic magnetic field in the plane 
(Jakel et al. 1975, 1977). Their best model for fitting the observations 
contained a longitudinal magnetic field of the form: 
where H
0 
H = H0 S (R, c1») cosh - 2· 7 ( zd S (R, cP)) 
1.8x1 o-6 Gauss, d = 2.026 kpc- 1 and S(R, cp) is: 
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where c/>(R) describes the form of the galactic spiral: 
<:/> (R) = R/k tan-1 (R/k) + cP 0 (1.18) 
and R0 = 1 Okpc, R1 2kpc, x = 4, k = 1.6 and cp 0 = -11°. Several 
distributions for the electron flux density were tried, and the most 
promising seemed to be where Ne was taken to vary as: 
( 1 • 1 9) 
For the '""''-"' regions of the Galaxy, though, a constant value for the 
electron density seemed to provide a better fit. So they suggested that a 
more realistic distribution for the electron density would be: 
R ~ 1 Okpc 
R ~ 1 Okpc 
( 1. 20) 
Introducing an irregular component to the field was found to generate the 
required tangential arm peaks or shoulders in the profile, a contribution 
of 60% irregular being indicated. This result agrees with the findings of 
French & Osborne. 
Kanbach & Beuerman (1979) have attempted to unfold the emissivity 
distribution from the 40EMHz brightness information of Green ( 1 974 ), 
averaged over ~n~~ 3°. The plane of the Galaxy was considered to be 
divided into logarithmic spiral sections, each sub tending an angle of 1° 
in longitude at the tangential position. A z-distribution of the form 
given below was also assumed: 
( 1 • 21 ) 
where n and mare constants, z 0 = 266pc, E. 0 is the emissivity at z = 0 and 
a was estimated to be 0.5. Along a spiral segment, the emissivity was 
assumed to be solely a function of radius, E(R ). Some alignment of the 
magnetic field along the spiral segments was also assumed. A ratio of 
<B.J.>/<Bu> = 1.0 was used. Each half of the galactic plane was deconvolved 
separately: evaluating the tangential emissivities of successive segments 
moving towards the galactic centre, then obtaining the evaluated function 
E(R) from this information, and then re-iterating these steps until a 
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self-consistent solution emerged. The final derived form for E(R) is 
shown in figure 1.27. The deconvolved distribution they obtained 
displayed a basic two-arm spiral structure over the inner region of the 
Galaxy, with the broad arms splitting into multiple arms beyond about 
H = 5kpc. For the z-distribution, they found the best fit was achieved 
with FWHM of 300pc and 3kpc for the two components. 
Using the deconvolution approach, and fitting to a smoothed plane 
profile at 408MHz, Higdon (1979) obtained a radial variation in emissivity 
as shown in figure 1.28. Outside a 9.5kpc radius, he assumed the 
emissivity to fall off exponentially, the HWHM being ""8kpc. In deriving 
the observed profile at 408MHz, the surveys of Haslam et al. ( 1 974) and 
Pauliny-Toth & Shakeshaft (1962) were consulted. He assumed that there 
was a 6K diffuse extragalactic background, but made no allowances for any 
thermal contribution to the emission in the plane. As there is an 
estimated contribution of 19% from thermal sources at this frequency 
(Hirabayashi 1974 ), this is an important omission, and Higdon's 
conclusions about the magnetic field and electron distribution in the 
plane may therefore not be realistic. Out of the plane, Higdon modelled 
the emissivity using exponential distributions. Over the whole of the 
disc, out to 1 5kpc, an exponential fall-off of varying scale height was 
used. The height of this distribution was made to decrease from the 
galactic centre outwards. The HWHM at the centre was "'10kpc, dropping to 
HWHM ,..., 7kpc at a radius of 12kpc. In the central region of the disc, at 
radii less than about 6.5kpc, a second, much narrower, exponential 
distribution was superimposed upon the first. This exponential fall-off 
was taken to have a constant HWHM of 0.4kpc. The resulting derived 
emissivity distribution out of the plane is shown in figure 1. 29. 
More recently, Phillipps et al. (1981a,b) have determined the 
---
emissivity distribution using a semi-analytic unfolding procedure, along 
the lines of Higdon and Kanbach & Beuermann but utilising the new 408MHz 
data of Haslam et al. (1981 ), and involving a much more detailed starting 
model for the Galaxy. 
In the plane, they considered the emissivity to have a form that is 
separable as follows: 
31 
-a:: 
-LLJ 
>. 
... 
·>-
·- en en-en·-
·- c: E::;, 
LU>., 
'-10 ~ 
N:!:: 
:J:..C 
:E'-co< 
o-
~ 
R (kpc} 
Figure 1.27: Radial emissivity distribution E(R) as calculated by Kanbach 
& Be ue rmann ( 1 97 9). 
-
"T 
N 
I 
"T 
L. 
tn 
..... 
tn 
M 
'E 
0 
011 
~ 
>. 
:t::: 
-~ 
U) 
.!!! 
E 
UJ 
10-40 
-~ 10 ~~----~2----------------~6----------------1~0----------1~4--------~18 
R (kpc) 
Figure 1.28: Radial variation of emissivity calculated by Higdon (1979). 
z (kpc) 
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e (R, 9 ) = e, (R) e,.( 8- 8 0 (R)) ( 1 • 22) 
where e is the azimuthal angle measured in the galactic plane, about the 
galactic centre. The function € 1 (R) thus determines the radial variation 
of the emissivity and f,_( fJ ,R) establishes the spiral pattern, which they 
took to be the form of a logarithmic spiral. Splitting the plane in to 
logarithmic spiral segments, they used an iterative calculation technique 
to obtain the functional parameters of various assumed forms for €, (R ). 
For a distribution in which the emissivity fell off exponentially along a 
segment: 
e (R) ce R ~ot PV .r 
I 
( 1. 23) 
where the pitch angle p = 12°, a value of <r= 2.5 radians was obtained. An 
exponential fall-off with radius : 
e,(R) GC exp( -R/ A) ( 1 • 24) 
led to a value of A = 3. 9kpc; and a gaussian fall- off: 
( 1 • 25) 
gave a value of G = 7. Bk:pc. All three distributions proved equally 
capable of producing a reasonable fit to the observed plane profile, and 
the resulting emissivity distributions indicated the presence of a spiral 
pattern that is predominantly two-armed, with deep interarm minima between 
the arms. More detailed structure within the broad arms was also evident, 
and in the outer regions of the Galaxy the arms broke up into several arm-
like features (figure 1.30). The Sun was found to be in an interarm 
region. 
Phillipps et al. also found that a purely irregular magnetic field did 
not produce satisfactory results in the anticentre regions and that a very 
regular field produces a predicted emission from the centre far in excess 
of what is actually seen. A field containing equal contributions of 
regular and irregular field, on the other hand, produced excellent results. 
In none of their models was the centre modelled well; the observed 
emission there being asymmetric about the galactic centre, possibly 
indicating the presence of a bar-like feature or an asymmetric 
distribution of discrete sources. 
32 
a 
-
>. 
-> 
en 0 en c 
·-E 
UJ 
I 
Figure 1o30. The azimuthal variations of emissivity in the galactic plane, 
at Rg10kpc (Phillipps et al. 1981a,b). The plots are for (a) a constant 
ratio of regular to irregular magnetic field strength, (b) field alignment 
in the spiral arms and cosmic ray density independent of gas compression, 
(c) field alignment and cosmic ray density proportional to the square of 
the gas compression. 
They also considered the effect of partially re-aligning the irregular 
field with the spiral arm direction, caused by the effects of spiral shock 
waves. They found that an equal contribution of irregular and regular 
field components in the uncompressed (inter-arm) medium no longer gave 
good results; a ratio H /H. in the 
r l 
regi.Cln of 0. 6-0.7 being required. 
However, the derived plane distribution was found to be insensitive to 
such effects, remaining the same as before. 
Taking a simple exponential model for the variation of emissivity out 
of the plane, with a constant scale-height over the whole Galaxy, they 
determined that the b 11: = +2° longitude profiles could be best explained 
with a scale-height of 500pc. The total emissivity variation, including 
that for thermal emission could thus be expressed as: 
E: (R, e ,z) = €0 (R, 8) exp( -z/h1 ) + k E0 (R, 8) exp( -z/h2 ) (1 0 26) 
where h1 was determined to be 500pc, h 2 was 100pc (Mezger 1978) and k was 
the ratio of thermal to non-thermal emission in the plane, and was given a 
value of 0. 24 (Hirabayashi 1 97 4 ). The predicted emissivity in the 
anticentre for such a distribution was, however, found to be too low at 
intermediate latitudes, indicating that the scale-height should be made 
larger in the outer parts of the Galaxy. A more detailed examination of 
the fit of the model to selected latitude profiles confirmed that a z-
distribution taken to be the same over the whole plane was unable to give 
good results. A model where the scale-height z
0 
was taken to vary with 
radius R as: 
exp( (R-1 0)/8 kpc) ( 1 • 27) 
produced encouraging results. 
Finally, a more realistic model was tried, where the spiral shock 
modulation was taken to extend to only 500pc from the plane as suggested 
by French (1977) and Brindle et al. (1978). This was seen to produce a 
---
slightly better fit to the data, mainly in the higher latitude regions. 
Phillipps et al. concluded that all their models showed the need for a 
non-spherical halo of emission extending to about 10kpc from the plane and 
having a strength of about 10% that in the disc. 
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The work detailed in this thesis is a natural extension of the work of 
French & Osborne, using the same techniques and basic assumptions. The 
work of Phillipps et al., using a more analytic technique for obtaining 
the emissivity distribution may be seen as complementary to the present 
v10rk. 
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CHAPI'ER 2 
THE NODEL 
This chapter presents a detailed description of the general model used 
in this thesis for investigating the radio emission observed from the 
Galaxy. This is essentially the model of French (1977) but includes some 
detailed modifications which are indicated in the relevant following 
sections. A description is also included of the procedure used when 
comparing the observed data with those predicted by a particular model. 
2.1 Radiation Sources 
Following the lead of other workers in the field, the model assumes 
that, in the frequency range 80-500MHz, the bulk of the radiation is 
produced by synchrotron emission from energetic electrons interacting 
with a magnetic field that pervades the Galaxy. Other significant 
contributions do, however, add to the overall brightness. Thermal 
Bremsstrahlung emission from hot ionised gases and extragalactic emission 
provide the most significant additions, though in certain directions 
strong contributions are made from individual radio sources such as Cygnus 
X or Sagittarius ~ Bright radio spurs also appear to be superimposed on 
the general smooth background radiation from the Galaxy. 
2. 1. 1 Synchrotron Radiation 
A full treatment of the theory of synchrotron radiation from a uniform 
distribution of energetic electrons is given in Appendix I. The relevant 
result that emerges from the calculations is that the integrated 
brightness temperature along any particular line of sight through the 
Galaxy is given by the integral: 
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(2. 1 ) 
Tb(~) is the brightness temperature observed at frequency v in MHz, and 
is a measure of the intensity of radiation received. It is measured in 
degrees Kelvin and is related to the flux nf radiation by the follovling 
equation: 
L"' (2.2) 
where L.,. is the radiation flux measured, v is the frequency, c is the 
speed of light and k is Boltzmann's constant. If Tb is measured in K, ..,. in 
Hz, k in JK-1 and c in ms-1, then L.., has units of Wm-2sr-1 Hz - 1. Ne ( s) and 
y in equation 2.1 are the terms found in the differential energy spectrum 
equation of the energetic electrons. The flux of particles in a 
particular energy range is assumed to be given by the equation: 
( .... -1 -·) .... s.,. s (2.3) 
The energy E is measured in GeV so Ne(s) has units of m- 2sr-1s-1Gev-1. In 
the model used, it is assumed that the constant of proportionality, Ne, may 
be a function of s, the distance along the line of sight in kiloparsecs. 
It is also assumed that 't , the spectral index, is constant over the whole 
Galaxy, and a value of 2.6 was used. H.L(s), in equation 2.1, is the strength 
of the component of the magnetic field perpendicular to the line of sight, 
at a distance s kpc along the line of sight. It is measured in microgauss. 
2.1.2 ~ermal Radiation 
This is radiation emitted from hot ionised gas within the Galaxy. The 
energetic particles in the gas give off Bremsstrahlung radiation when they 
collide with each other. Regions of such gas are referred to as HII 
regions. 
The energy spectrum of this type of radiation is affected by re-
absorption by the gas itself, and the resulting spectrum has the form 
given in figure 2.1. 
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Figure 2..1: Energy spectrum of thermal Bremsstrahlung radiation from a gas 
with electron temperature Te, in which self-absorption occurs. 
For the radio frequencies under consideration here, the thermal 
radiation brightness temperature lies on the -t-1 ~ part of the curve. 
Hirabayashi (1974) and Matthews et al. (1973) have estimated the thermal 
contribution to the overall brightness temperature in several places 
along the galactic plane. They obtained values of 7% of the total 
observed emission at 150MHz and 1 9% at 408MHz resulting from thermal 
emission from HII regions. 
In his modelling, French assumed that the variation of this 
contribution to the 150MHz emission along the galactic plane was as shown 
in figure 2. 2. 
In the modelling presented in this thesis a constant value of 23.5% of 
the predicted synchrotron radiation was added to obtain the overall 
brightness temperature in every direction. For the central longitudes in 
the plane this gives a value of 19% of the total observed emission due to 
thermal radiation. At higher latitudes and longitudes away from the 
centre, this percentage drops due to the increasing contribution from 
extragalactic sources. 
2. 1. 3 llb:tragalactic Radiation 
Radio emission from outside the Galaxy is seen to be of two different 
types. Firstly, there is the integrated emission from all the other 
galaxies producing radio waves; and any other external radio sources. An 
estimate for this contribution has been made by Bridle ( 1 967) using scaled 
antennae at various frequencies. He assumed that the brightness 
temperature spectral index of such a contribution was 2. 75, this being the 
mean of the observed spectral index of the resolved extragalactic sources 
found until then. From this he estimated that a background level of 
48:!: 9K at 150MHz is produced by this means. This level is assumed to be 
constant over the whole sky. 
The second source of external radiation is the 3K background radiation, 
thought to be a remnant of the 'Big Bang' creation of the Universe. This 
radiation is of a purely 'black-body' nature and its spectral shape thus 
has a maximum given by the formula: 
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Figure 2.2: Variation of thermal contribution to 150MHz emission along the 
galactic plane assumed by French (1977). 
(2. 4) 
Where T is the black-body temperature in degrees Kelvin. So for the 3K 
background radiation the emission has a maximum at "\J,.. .. - ~ 176GHz. In the 
region of a few hundred megahertz, therefore, the brightness temperature 
contribution from this source is a constant at 3K. 
In his work, French used a uniform value of 50K at 150MHz for the 
extragalactic background contribution over the whole sky. In the present 
modelling calculations, a value of 3K at 408MHz for the extragalactic 
sources was used, and this was added to the 3K of the black-body radiation 
to give a total contribution of 6K taken to be uniform over the whole sky. 
The 3K contribution from the sources was calculated from the value of 47K 
used by French for his work at 150MHz, and assuming a spectral index of 
2. 75 for the frequency variation as did Bridle. 
2.2 Galactic Structure 
To be able to calculate the integrated synchrotron emission from the 
Galaxy, a detailed model of its structure is needed. The features of this 
model must include the overall size and shape of the Galaxy, whether or not 
it has arms, and the form of the spiral pattern if it does. Some 
description of how the arms themselves are made up is needed, and the make-
up of any halo must also be modelled. Within this physical structure, the 
distributions of energetic electrons must be given, as well as the nature 
and extent of any magnetic fields present. 
This section, then, describes the structure of the galactic model 
assumed in this thesis. 
2. 2.1 'llhe Galactic Plane and Halo 
The galactic plane is assumed to be a flat disc 1kpc thick and 30kpc in 
diameter. The solar system is taken to be 10kpc from the centre of this 
disc and lies equidistant from the outer faces of the disc (figure 2.3). 
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Figure 2a3: Diagram showing the geometry of the model galaxy used in the 
synchrotron calculations. 
The bulk of the matter of the Galaxy, in the form of gas, dust and stars, 
lies within this disc, and most of the radio emission originates from this 
region. 
A tenuous halo around the Galaxy is also assumed in the model. In the 
simulations presented in this thesis this is a 15kpc sphere centred on the 
middle of the disc (figure 2. 3 ). The emission from the halo region is much 
less than that of the disc. Outside the halo it is assumed that there is 
no thermal or non-thermal emission other than the uniform extragalactic 
background radiation mentioned in the previous section. 
French in his calculations used a halo which was essentially 
cylindrical in structure, with a diameter of 30kpc. 
2. 2. 2 Spiral Arms 
The general model for the Galaxy also contains concentrations of gas, 
dust and stars in the disc in the form of arms which spiral out from the 
central regions. There is much evidence to suggest that our own Galaxy 
also possesses such a structure, and several theories proposed to explain 
the nature and formation of these spiral arms have been discussed in 
section 1. 3. 
French in his simulations of the Galaxy assumed that density wave shock 
formation was the mechanism responsible for the production of spiral arms 
and that any magnetic fields 'frozen' into the interstellar gas would be 
likewise compressed on entering the shock-front of a density wave. This 
model of the nature of spiral arms is also assumed in the earlier models 
considered in the present work. Later models do, however, relax the 
restrictions imposed on the arm structure as predicted by density wave 
theory. 
Although French used the predictions of density wave theory to obtain a 
model for the nature of the arms in the Galaxy, he did not use the spiral 
patterns as predicted by such a theory. Instead, he used a composite 
pattern obtained from the observations of HII regions by Georgelin & 
Georgelin (1976) and from the HI data of Verschuur (1973). This pattern 
is shown in figure 2.4. This same pattern was used throughout all his 
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Figure 2.~ Spiral arm pattern used by French- composite of the HII data 
of Georgelin & Georgelin ( 1 976) and the HI data of Verschuur ( 1 973 ). 
modelling investigations. 
In the work presented in this thesis the pattern used by French was 
used initially, but this was then varied as will be described in chapter 6. 
2. 3 The Electron Distribution 
The distribution of energetic electrons, producing synchrotron 
radiation in the Galaxy, must be specified to make possible the evaluation 
of the line-of-sight integral given in equation 2.1. 
The electron flux is assumed to have the form: 
( -'L _, -·) 
- S Sf' (2. 5) 
The spatial and energy parts of the variation are thus assumed to be 
separable. Observations of the flux of energetic electrons at the Earth 
are shown in figure 1.9. The spectral index Y of this curve in the 
relevant energy region is 2.6. This value is assumed to be constant 
throughout the Galaxy. Some observational evidence for this can be found 
in the fact that the spectral index of the radio spectrum does not change 
significantly in different parts of the sky. 
French investigated various forms for the spatial distribution of the 
electron flux, and these will be described more fully in the next chapter. 
The form of the distribution used in the present model is the one that 
French found to give the best overall fit to the observations at 150MHz, 
namely that the electron flux density is considered to be a constant in 
the plane of the Galaxy and does not vary between arm and interarm regions. 
This assumption is justified if diffusion of the electrons from their 
production sites is fast compared with the speed of rotation of the 
density wave pattern, hence allowing a constant equilibrium density to be 
established throughout the Galaxy. The energetic electrons themselves 
are hardly affected by the density waves, as their kinetic energies are 
far greater than the gravitational energy associated with the density wave 
field. In the plane, therefore, it is valid to consider that the electron 
flux density is the same everywhere and so its value can be taken to be 
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that observed at the Earth, that is N = 80..,10 m1 sr's-1 GeV-~ 0 -30 
Out of the plane of the Galaxy, the electron flux density is taken to 
vary as in figure 2. 5. This may be expressed analytically by: 
(2. 6) 
where z is the height in kiloparsecs above the plane and w(R) is the scale 
height of the distribution at a distance of R kiloparsecs from the centre 
of the Galaxy. This scale height varies as: 
(2. 7) 
At the sun (R=10kpc) w is equal to unity, and the height of the electron 
distribution is 10.85kpc. The effect of the variation of w is to produce 
the saucer-shaped distribution of electron density shown in figure 2. 6. 
It is assumed that no electrons exist outside a radius of 15kpc from 
the centre of the Galaxy. 
2. 4 The Magnetic Field 
The galactic magnetic field is considered to have two components in the 
general model of the Galaxy proposed here. These components are termed 
the regular field and the irregular field. Equation 2.1 can thus be 
expressed in the form: 
-rDt")J) = ,.J ~a ,.,o .. .;t·j w,<5) ( ~-~ ••. ~ <~) + ".L·.,.Jsf• Js (2.8) 
...... 1- , '31..1-
where it has been assumed that i = 2. 6. This equation may, to a good 
approximation, be split into the sum of the two separate contributions of 
the two field components: 
T. .. -t.·lr{ 1·8 1·8 \.(')1') ~ b·ll.8,.1o v Nr.~} 1-\ ls) + N (s)l-l . (s) J.s 
.1- ... , e .1. ... ., (2.9) 
The first of these is a regular component in which the field lines run 
parallel to the galactic plane and along the spiral arms. Where two 
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Figure 2.6: Distribution of electron flux density, Ne, out of the plane as a 
result of the variation of w(R ). The left-hand side shows lines of 
constant flux density as a function of Rand z. The right-hand side shows 
the profile of flux density for R = 0. 
adjacent arms have differing angles the direction of the field is taken to 
vary linearly between the two. The strength of this underlying regular 
field is assumed to be only a function of the radial distance from the 
galactic centre. The formation of galactic magnetic fields by the dynamo 
effect (\fhite 1977) shows that the field strength should drop off to zero 
in the galactic centre and should be a maximum somewhere in the region of 
4kpc. The variation chosen by French to display these features is given 
by the expression: 
(2. 10) 
where R is measured in kiloparsecs and Hand H0 are measured in microgauss. 
R0 is a measure of the rate of fall-off of the field in the outer parts of 
the Galaxy. This is a modified form of the distribution used by 
Thielheim & Langhoff (1968). From indirect observations of the local 
magnetic field the value of H at the sun is estimated to be three 
microgauss. This means that any particular value chosen for R0 
effectively determines the value of H0 • 
The second component of the galactic magnetic field is an irregular 
field. This is considered 
particular galactic radius 
to have a constant field strength at any 
but a randomly varying orientation. The 
direction of this field component is taken to vary in an isotropic manner, 
and the scale of the fluctuations is assumed to be such that, for the 
purposes of the calculations, any point along the line-of-sight integral 
may be considered to possess an isotropic distribution of field 
orientations. The ratio of the value of the regular field strength to 
that of the irregular field is assumed to be a constant throughout the 
Galaxy. 
Both of these components of the magnetic field may be considered to be 
frozen into the gas of the Galaxy, the gas being partially ionised. The 
fields should thus be compressed in a similar way as the gas on passing 
through a spiral density wave. As the regular component of the field runs 
parallel to the spiral arms, the field strength will simply increase 
proportionally with the compression f. of the gas: 
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(2. 11 ) 
The irregular component, on the other hand, will experience some re-
alignment of the random field due to the compression in an arm. The 
result will still be a random field but it will be biased towards the 
direction parallel to the arm. The evaluation of the contribution to the 
synchrotron emission from this irregular component has been shown by 
French to be given by: 
1. ~ '·IC.8 .. to ... ..:"t·iJ tva(s) H H1•1(s).As 
,,~ ~ & (2. 12) 
,,_ o\-ll')t..t 
where He.~ is the effective component of the irregular field perpendicular 
to the line of sight. To a good approximation this is given by: 
),,,. [ ) ~~,,., 1-1 uCs) = (o·l.B~l . o (s} 1- O·l.ll( 1- I c<»'\, 1\. (s) 
l.p l c "j!{s) ,,.,., (2.13) 
where H. is the magnitude of the random component, 9 is the angle in the 
.. ,., 
plane between the line of sight and the arm direction and ~) is the ratio 
of the gas density at that point to that in an interarm region. 
Thus the total synchrotron emission along a line of sight in the plane 
of the Galaxy maybe evaluated from: 
l~(v) = '·"3,.101\ .. -t·IS NI!.Cs)( ~ ... ~)s: .. ~1 •1+ NJsJ( H~~)1• 1 '/(S)J..s 
~~~-+ s ,_,t..t F' 
(2.14) 
where F is a constant expressing the ratio of the regular to irregular 
field strengths throughout the Galaxy, and Y(s) is: 
(2.15) 
H (s) is given by: 
.. "'3 
(2. 16) 
where ec. is the compression ratio as a function of the distance a from 
the nearest arm and the distance z from the plane of the Galaxy. 
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2.5 The Instrument Profile 
The model described so far is sufficient to calculate the theoretical 
radio brightness temperature that should be seen from any part of the sky. 
However, this is not really what is needed. The instruments used to detect 
radio waves from the Galaxy do not have perfect resolution, and so the 
brightness temperature observed in any particular direction is in fact the 
weighted mean of the temperatures in and close to that direction. So, to 
be able to predict what a particular instrument would actually see of the 
model galaxy, the theoretical brightness distribution must be convolved 
over the whole sky with the beam profile of the instrument in question. 
In the present work a circular gaussian profile was assumed of the 
form: 
(2.17) 
where ~ and (J are the angles measured from the beam centre as shown in 
figure 2. 7 and <T is a constant defining the width of the beam. 
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Figure 2. 7: The angles ex and (3 measured from the centre of the beam 
profile. 
CHAPI'ER 3 
PREVIOUS RESULTS 
This chapter gives a summary of the results of previous simulations 
carried out by French using the model described in chapter 2. A 
description of this earlier work is necessary for understanding the 
foundation on which the further modelling presented in this thesis is 
based. 
3. 1 The Observations 
The work carried out by French was an attempt to simulate the radio 
brightness distribution observed at frequencies around 1 50MHz. Many 
partial radio surveys had been made in the vicinity of this frequency but, 
until an all-sky distribution map was available, little progress could be 
made towards examining the global structure of the Galaxy. The 150MHz 
all-sky map of Landecker & Wielebinski ( 1 970) was the first such map to be 
constructed, and it opened the way for such galactic modelling. 
The all-sky map they produced was, in fact, a composite of three partial 
surveys carried out in various parts of the sky at slightly different 
frequencies. Landecker & Wielebinski combined the surveys and adjusted 
their relative contributions to that which would be observed if they had 
been taken at 150MHz. The three surveys they used had also been made 
using instruments with different beam sizes, and so the resolution varied 
quite significantly across the composite map. 
Although the Landecker & Wielebinski map was used primarily in French's 
modelling, several other surveys were also consul ted. These latter were 
used mainly to construct a plane profile (b~ =0°), which was then compared 
with the predicted plane profiles from the two-dimensional models. The 
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surveys used to make up this profile were Landecker & Wielebinski (1970), 
Turtle & Baldwin (1962), Hamilton & Haynes (1969), Hill et al. (1959), 
Wielebinski et al. ( 1 968) and Yates et al. ( 1 967 ). The coverage of the 
plane given by these surveys is shown in figure 3.1. 
3. 2 The Two-dimensional Modelling 
In the models that French used to investigate the structure of the 
galactic plane only the radio brightness distribution occurring in the 
plane was considered, that is at latitude b u =0°. 
3. 2. 1 'llhe plane profile data 
The plane profile that French used to compare with the simulated 
brightness distribution was obtained from the information outlined in 
section 3.1. From these basic observations,however, various components had 
to be subtracted, as these were not taken into account by the model of the 
Galaxy used. These components were estimates of the contributions from 
extragalactic, spur, thermal and point sources. 
The extragalactic contribution is that expected to be produced by all 
the radio sources external to the Galaxy. This constitutes the integrated 
emission from all the radio galaxies and other point sources, plus the 
flux from the 3K background radiation that is thought to be a remnant of 
the 'Big Bang' creation of the universe. French used an estimate chiefly 
derived from the work of Bridle ( 1 967 ), that the total extragalactic 
contribution provided a uniform brightness temperature of 50K at 150MHz 
over the whole sky. The plane profile obtained from all the observations 
was thus lowered by 50K for all longitudes to eliminate this component. 
Ridges of higher emission have long been noticed in the radio 
distribution at latitudes above the galactic plane. These spurs, as they 
are known, appear to follow circular arcs across the sky, and one theory as 
to their nature is that they are the remains of nearby supernovae. The 
expanding shell of hot gas produced by such an explosion is thought to 
sweep up the surrounding interstellar magnetic field and produce a bubble-
like feature in the flux lines. Energetic particles travelling through 
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Figure 3.1: Coverage of the surveys French used in constructing the plane 
profile. Observing frequency and beam dimensions are given for each of 
the surveys. 
this shell are then expected to spiral along the magnetic flux lines and 
emit radio synchrotron radiation. Van der La.an (1962) has developed 
models simulating such expanding spheres, and French used the predictions 
of Spoelstra ( 1 972), based on these models, to obtain the contributions 
from the three most prominent of these shell~. Tne positions of these are 
shown in figure 3.2. The profiles of the emission from these three loops 
(figure 3.3) were subtracted from the plane profile. 
The third contribution to the observed plane profile that was not 
simulated by the model, and hence had to be subtracted, was the 
contribution to the emission from thermal Bremsstrahlung radiation. The 
source of this radiation is hot gas in the Galaxy, where collisions of 
ionised particles produce electromagnetic radiation. The shape of the 
spectrum of the radiation produced by this mechanism was shown in 
figure 2.1. For radio emission at 150MHz the gases may be considered as 
optically thin, so the brightness temperature varies as: 
'T._ cC. ..... -Z.-1 (3. 1 ) 
Using the observations of Hirabayashi (1974), French estimated that the 
thermal contribution at 150MHz in the direction 1~=24° in the plane was 
about 7% of the total brightness temperature at that frequency. The 
variation of this component with longitude was taken to be of the form 
given in figure 2.2, which was arrived at after a consideration of the work 
of Large et al. ( 1 961 ). Notice that no contribution from longitudes 
between 30° and 330° is given as French never attempted to model the 
central portion of the Galaxy in his work. 
The final component that French subtracted from the observed profile 
was the emission from several strong point sources. These were 
specifically the Cas A supernova remnant ( lu = 112°, bJr = -2°), the Cygnus 
X complex ( ls = 80°, bu = 0°) and the Vela supernova remnant ( l1L = 264 °, 
bs = -3o). 
The final corrected plane profile may be seen in figure 3-~ 
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Figure 3.2: Positions of the three most prominent supernova remnant loops 
(as used by French 1977). 
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Figure 3.3: Profiles along the galactic plane of the modelled emission 
from the loops shown in figure 3.2. (a) North Polar Spur, (b) Cetus Arc, 
(c) Loop III. (French 1977) 
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Figure 3.4: The final corrected plane profile used by French. 
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3. 2. 2 'The plane profile model 
French used a model for the Galaxy in conjunction with the corrected 
profile to explore the effects of various features in his model. The 
general form of the model used has already been described in chapter 2; 
however, the specific details will be given here. 
As only the emission in the plane of the Galaxy was of interest here, a 
model for the halo of the Galaxy was not necessary. The disc of the Galaxy 
was considered to be a flat cylinder of gas with localised enhancements 
following a spiral pattern to simulate the arms of the Galaxy. This 
spiral pattern was taken to be a composite of the information obtained by 
Georgelin & Georgelin (1976) from HII regions and that of Verschuur (1973) 
from HI observations. Figure 2.4 shows the spiral pattern assumed in 
French's models. The exact placing of the local arm near to the Sun was 
taken to be uncertain, and indeed was one of the features that French 
investigated in his work. Notice that the pattern on the far side of the 
galaxy is not given due to lack of data, this however was unnecessary as no 
attempt was made to model the region 330° < rlt < 30°. 
The compression associated with the spiral arms was taken to be that 
predicted by density wave theory, though some earlier work was done with a 
cosine-squared type of variation (French & Osborne 1976). The resulting 
magnetic field variation was thus as described by equation 2.16, with Pc 
given by: 
(3. 2) 
where a is the distance from the shock wave and A is the distance between 
adjacent arms at that point. 
Various distributions for the electron density in the plane were 
considered, as detailed below. 
The parameters R0 and F were chosen for each simulation such that the 
predicted emission in the directions 1-u:= 180° and 310° matched the 
observed values on the corrected profile. 
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3. 2. 3 Results 
French considered two distributions for the electrons in the plane of 
the Galaxy. Model A, in which the electron density was taken to be 
constant in the region 4kpc < R < 1 5kpc .qnn zero for R > 1 5kpc, and model 
B in which the electrons were considered as tied to the gas and so varied 
in a comparable way to the magnetic field density, N0 (R) oc. H2(R ), but 
again with zero density for R > 1 5kpc. 
With model A three cases were considered. The first assumed the Sun to 
lie in an arm of compression. This local feature was taken to be weaker 
than the main arms, with a compression of 1.7 rather than 6.9. The result 
is shown in figure 3.5. French felt that this result was too angular and 
too low in the inner regions of the Galaxy. The second case placed the Sun 
in an interarm region completely. The result shown in figure 3.6 was 
considered to be a better fit, but the local emissivity predicted by the 
model was considerably lower than that implied by the measurements of 
Caswell ( 1 976 ), which were obtained from local optically thick HII 
regions. To try to reconcile these results, the third case considered for 
model A had a local arm placed 0.5kpc from the Sun towards the anticentre. 
This gave higher emissivities in the anticentre direction to agree with 
Caswell's observations. The resulting profile is shown in figure 3. 7. 
For model ~ where the electron density was considered to vary as the 
field density, only one model emerged as being tenable, and this was with 
the Sun in an arm of weak compression (('. = 1.7 rather than 6.9). This 
produced peaks in the predicted profile at 111: = 80° and 260° due to the 
tangential directions of the local arm (figure 3.8). 
A summary of these models and the optimum parameters required for their 
fitting are given in table 3.1. French considered the best model to be A. 3: 
that is, a constant electron density in the plane and the local arm placed 
at 0. 5kpc from the Sun towards the antic entre. This model was then taken 
as the basis for all the three-dimensional models described in the next 
section. 
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Figure 3.5: Profile resulting from French's model A.1, where the Sun is 
assumed to lie in an arm of compression. Observed 1 50MHz profile is shown 
for comparison (dashed line). 
..... -- .. 
.............. _ ...... --- .... 
__ .. ~ 
,• 
180 
-M 
•a 
...-
X 
0':::£. 
-:1:l 
t-
3 
2 
1 
..... ___ .. ~---' 
., 
_, 
,' 
--- ______ ... 
' 
' 
I 
I• 
' \ 
'. 
I ' 
' . 
I \ 
, 
_, 
o~i ----~--~----~--~ 
180 90 
. 
I 
• I 
' I 
. 
\ 
. 
• 
' . 
. 
I I 
I 
I 
• 
I 
I 
,... 
. 
\ 
. 
\ 
• . 
. 
\ 
. 
\ 
I 
1\ 
I I 
\ 
• I 
\ 
• I 
\ 
\ 
0 
I I 
LONGITUDE 270 
Figure 3.6: Profile resulting from French's model A.2, where the Sun is 
assumed to lie in an interarm region. 
/.=----:.:......._ 
... ----
---
I 
180 
3 
cr 0 
.--
X 
rC 
~2 
1 
/ 
.-
,, 
.- ' 
.,.. ______ .,._.. \. 
I 
/ 
• 
.. 
: \ 
o I 
I ' I 
I 
I 
, 
" ;';' 
-· I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
/ 
·/ 
\i 
' 
' 
' \ 
' I 
' I 
I 
' 
• 
' I 
\ 
. 
I 
I 
• 
" , ' \ 
\ 
I 
\ 
l__ _ ___j_ _ __.L__----; _ _1_ 0 0
180 90 LONGITUDE 
I ___ ..___ _ __.. 
270 
Figure 3. 7: Profile resulting from French's model A. 3, where the Sun is 
assumed to lie 0.5kpc from a local arm. 
---
180 
(Y) 
•a 
3 
X 
o'Y. 2 
n 
t-
1 
0 
180 90° 
. 
G
l: 
I 
. 
. 
I 
-
. 
. 
• . 
• I 
I 
. 
I 
~ 
~ 
I . 
0 
a· 
LONGITUDE 
I 
. 
• I 
' I
I 
• r• 
' I I 
o I 
. 
. 
I 
. 
I 
0 
. 
. 
. 
. 
I 
• r ... 
I 
,. 
l_ J 
0 
270 
Figure 3.8: Profile resulting from French's model B, where the Sun is 
assumed to lie in an arm of compression. 
. ~ --... 
c 
180 
Table 3. 1 
l Model l Location of Sun l R~ l F l 
1-------+--------------------------+-----+--------l l A. 1 l In an arm of compression l 249 l 0. 375 l 
i I P, _ 1 ? I I I I : , • - . . . : 
I I I l A. 2 l In an interarm region 1 95 0. 71 79 l 
I I I 
I I 
\ A.3 In an interarm region 131 0.75 \ 
l with a local arm at l 
l 0. 5kpc towards the anti- l 
l centre l 
I I 
I I 
\ B In an arm of compression 327 1. 1 \ 
I 1 I I (' .. = •1 I 
3. 3 The Three-dimensional Modelling 
French then considered the three-dimensional aspects of a model of the 
Galaxy, and by comparing the predictions with the observations tried to 
gain some insight into the nature of the three-dimensional structure. 
3. 3. 1 'llhe observational data 
For the investigations of the emission away from the plane of the 
Galaxy French used the composite all-sky map of Landecker & Wielebinski as 
shown in figure 3. 9. Unlike the two-dimensional investigations, the 
actual data was used for making the comparisons with the computed 
continuum emission, no subtractions being made. Instead, the estimated 
components that were described in section 3.2.1 were added to the 
calculated maps before comparisons with the observed values were made. 
A particularly important direction for comparison with the predictions 
is the pole, blt =90°. French used the observed value of 220K, obtained 
from the Landecker & Wielebinski map, for comparison with the predicted 
pole temperatures. 
50 
.go• 
• 
-9<r 
Figure 3-9: Composite all-sky map of Landecker & Wielebinski. 
(French 1 977) 
3.3.2 'The model out of the plane 
The model for the Galaxy in the plane was taken to be the same as the 
model A. 3 used in the two-dimensional simulations. French had also found 
that any model where the Sun was placed in a spiral arm needed a huge radio 
halo to compensate for the rapid fall-off in emissivity due to the fall-
off in compression with increasing z. 
The fall-off of compression with increasing z, based on a density wave 
model for spiral arms, was investigated theoretically by French. In the 
plane, the compression through an arm was known to vary according to the 
formula given in equation 3. 2. French found that the variation of 
compression out of the plane should go as: 
where the form of f( z) is approximately given by: 
ftt)-::. I~ o:T,IS"l -Ji·O'l" +'2."2.·.,14-"llo 
= 0 
The form of f( z) is shown in figure 3.10. 
c < o· r ~e.,..,. 
c ;!!: o · s- k..rc. 
(3. 3) 
(3. 4) 
Because of this rapid fall-off in compression we can see that, if the 
Sun is in an arm, the emissivity falls rapidly to the interarm value on 
moving out through the disc. As the field distribution is fixed so that 
the local regular field is three microgauss, the interarm field will be 
much smaller, and hence so will the emissivity. Therefore the 
contribution to the pole temperature that has to be provided by the 
galactic halo is much larger, so an enormous halo has to be hypothesised. 
If the solar neighbourhood is more typical of an interarm region, this 
implies much higher emissivities over the galactic disc as a whole, and so 
the contribution needed from the halo is reduced. The halo contribution 
needed is not zero, however, and so some model for the electron density and 
magnetic field distribution outside the disc (z > 500pc) must be provided. 
The exact forms of the variation of these two quantities were investigated 
by French in his simulations. 
The procedure that French adopted when investigating a particular 
model was as follows. The forms of the electron density and magnetic 
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Figure 3.1(}. Form off( z) in the variation of compression out of the plane. 
(French 1 977) 
field variation were chosen. The parameters in the z variation of the 
field were adjusted so that the polar temperature predicted gave the 
observed polar temperature of 220K. Next the emissions in the directions 
of 1~ = 180° and 310° in the plane were calculated and the values R0 and F 
adjusted so that exact agreement was obtained w--:i th tl1e observations at 
these points. The whole-sky map was then calculated at intervals of two 
degrees in galactic longitude and one degree in latitude. This map was 
convolved with the required instrument beam profile before the 
contributions from the spurs and extragalactic emission were added in. 
The resulting map was then compared with the all-sky map of Landecker & 
Wielebinski. In addition, a longitude profile was taken at b-a: =0° and 
latitude profiles were obtained for various values of longitude. The 
estimated thermal contribution was added to these profiles by hand, and 
the resulting curves compared with those from the Landecker & Wielebinski 
map. 
The three-dimensional models that French investigated are described in 
the following section. 
3. 3. 3 'Jlhe three-dimensional results 
In the first model that French tried, 3D1, the electron density was 
assumed to fall off linearly with height z above the plane. The magnetic 
field was assumed to be constant at its uncompressed value outside the 
disc. Within the disc any enhancement due to compression was made to 
decrease with z according to equation 3. 4, falling to its uncompressed 
value beyond 500pc from the central plane. To obtain agreement with the 
observed pole temperature of 220K, the electron density was required to 
fall to zero at 5. 5kpc from the plane. The resulting latitude profiles, 
after the spur and extragalactic contributions had been added, are shown 
in figure 3.11. It can be seen that for longitudes in the central region 
(90° > lu > 270°) the latitude variation is too broad. 
French then tried to adjust the model so that the central profiles were 
narrower. This was done by decreasing the width of the electron halo in 
the central regions of the Galaxy, while keeping the width at the solar 
radius constant. The resulting halo had a saucer-like form, whose width 
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Figure 3.11: Latitude profiles for model 3D1. (French 1977) 
'SJO" 
was given by the formula: 
(3. 5) 
where R is the radius measured in kiloparsecs from the galactic centre and 
Wsun is the tho "\'v'i.dth at the Sun (R = 10kpc). A similar form for the 
distribution of HI had been found by Jackson & Kellman (1974), though the 
typical widths there were of the order of a few hundred parsecs rather 
than the several kiloparsecs proposed for the electron distribution. With 
this new model (3D2) the latitude profiles predicted were as given in 
figure 3. 1 2. 
This did have the required effect towards the centre, but produced too 
much high-latitude emission in the regions )blfj = 30° to 80° t""" 1-n:: = I)O 0 
to 24.0 °. French attributed this to the emissivity distribution of the 
disc increasing in thickness for R > 10kpc. 
French next considered the effect of the extragalactic contribution 
actually being much greater than the estimated 50K. He used model 3D2 
again, but this time with a 100K extragalactic component. He pointed out 
that not all of this isotropic 100K component need be extragalactic; the 
same effect would occur if the Sun were sitting in the middle of a local 
isotropic hot spot. He found that with this new model (3D3) the plane 
profile was not significantly different from the 2D model A. 3, which had 
been calculated on the basis of a 50K isotropic component. The latitude 
profiles, on the other hand, appeared flatter at intermediate and high 
latitudes, as would be expected. 
He went on to look for models in which it was not necessary to invoke 
such an increased isotropic contribution, but which would give as good a 
fit, or better. Model 3D4 had the electron density decreasing 
exponentially with height above the plane. The form of this variation was 
given by exp(-z/2.86), where z is measured in kiloparsecs. This was taken 
to be the same over all values of R; the saucer-like variation of scale 
height being discarded for the time being. This exponential fall-off was 
not allowed to tail off all the way to infinity, but was truncated at 
z = 8.58kpc. French found that with this type of variation, the latitude 
fit towards the central regions was made only marginally better than with 
53 
;j 
~ 
-.t:l. 
I 
I 
' 
30° 
I 
I 
• 
;j ( ~ no• ~f 
! j' 
CJ 
-41 
I 
! 
~-~---~~~~~~~.,L~.~--,~~~~--~~~~--~~-=-~~~~­
Uifl!UI! 
~.--!~ -_ -_ ---~--· /... - --... -=--=----~1!0=: .. 1 
...... .... ..... .... ...tlltrt.Sil... ,.... .. • 
• ~ u.d' I .·~ ·-----·---·--··' ..,,.,. ...... a .. ••••-• 
·-
..... .... .... ··~· •LOI ~~ .... ~ ... ..... Unt!UI! 
.. 
! 
~ 
!\ 
··' 
I 
·-
..... .... .... :&.18 .... ~ ... 
Ulfl!UI! 
Figure 3.12: Latitude profiles for model 3D2. (French 1977) 
the linear fall-off model 3D1. In the anticentre, the fits were 
essentially unaltered, as can be seen from figure 3.13. 
Model 3D5, as an aside, simulated the case of having a large, uniformly 
emitting halo. The halo WHS c:onsidered to be spherical, with radius 1"5kpc 
centred on the galactic centre. For agreement with the pole temperature, 
the emissivity of the halo had to be 0.169 times that of the disc. Figure 
3.14 gives the results found for such a model. The most noticeable feature 
of the latitude profiles is that the intermediate latitudes towards the 
central regions have much higher temperatures than the corresponding 
observations. Thus this halo with the simplest possible form was ruled 
out. For the directions towards the anticentre, a minimum is produced at 
latitudes of approximately +45°, due to the geometry of the situation. 
Such a minimum is in fact actually seen in the observations. 
The final model considered by French was an attempt to incorporate all 
the best features of the previous models to obtain the best fit to the 
observations. Thus, the electron density was assumed to fall 
approximately exponentially with height above the plane, with the width of 
the distribution varying with galactic radius to produce the saucer-like 
variation. This exponential fall-off was truncated this time at 
z = 1 0.85kpc for R = 1 Okpc, and was approximated analytically by the 
equation: 
(3. 6) 
This behaves as was shown in figure 2.5. The variation of the electron 
density with galactic radius thus had the form given in equation 2. 6. 
The magnetic field in this model was considered to be constant at its 
uncompressed plane value outside the disc. 
The results obtained for this model (3D6) are given in figures 3.15 and 
3.16. The model does predict minima for the b:a: = !,45° directions in the 
anticentre, as is observed, while not producing too high an emission for 
the intermediate latitudes in the central region. It can be seen that the 
latitude profiles in the region 1~ = 30° to 50° agree quite well with 
the observations, and that fair agreement is also obtained in the 
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30° and 210° for model 3D6. 
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240° and 330° for model 3D6. 
240° region. The profiles from lit = 270° to 330°, 
however, are for the most part too broad, with the peak value too low. 
From the longitude profile it can also be seen that the simulation of the 
shoulder regions between successive arm tangents is poor. 
It is also noticeable that the simulated spur additions, which were 
assumed to be supernovae shells, do not in general produce good agreement 
with the observations. An exception to this is in the region of the North 
Polar Spur. 
3.4 Conclusions 
The results that French obtained were, on the whole, very encouraging, 
showing that the radio emission at 150MHz could be simulated quite well 
using a mainly theoretical model based on the emission of synchrotron 
radiation from energetic electrons moving through a magnetic field that 
pervades the Galaxy. In detail, however, the results leave much 
unaccounted for, particularly the variation with longitude in the plane of 
the Galaxy. The simulations of the structure out of the plane gave good 
results for the final model 3D6, though the spur additions seemed to 
hinder rather than enhance the fit. In fact the modelled distributions 
for the spurs are not a very good fit to the observations anyway and it 
would perhaps have been better to discount the spur contributions as best 
one could for each separate profile (see Phillipps et al. 1981a,b). 
A major omission in the modelling performed by French was the central 
region of the Galaxy between 1~ = 30° and 330°. Also, because one of the 
normalisation directions was taken to be ( 111 = 310°, btt = 0°), which is in 
the direction of the tangent of one of the spiral arms and hence the top of 
a peak, the form of the rest of the profile is rather artificially 
dependent upon the form used for the spiral arm compression profile. A 
very sharp compression profile thus depresses the intertangent emission, 
producing a poor fit to the observations in these regions. If the 
normalisation point had been chosen to lie in between tangents, the 
agreement overall may have been better. As it is, it is noticeable that 
the shoulder regions between the tangential peaks are poorly modelled. 
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The predicted peaks themselves are, in general, far too narrow compared 
with what is observed. French accounted for this by saying that in 
reality the spiral arms would wiggle about, producing many tangential 
peaks close together, and that because of the poor resolution of the 
observing instruments, thtn:lc would result in a broad peak. A survey at a 
higher resolution should thus resolve these peaks. 
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CHAPrER 4 
THE 408MHZ OBSERVATIONS 
The modelling performed by French ( 1 977 ), outlined in the last chapter, 
was done using the best all-sky continuum data available at that time, 
namely that of Landecker & Wielebinski (1970). That survey however was 
obtained at quite low resolution, of the order of several degrees, and, as 
it was a composite of several independent surveys with differing 
instrumental characteristics, the zero-levels and temperature scales 
probably varied for different parts of the map. What was still needed at 
that time was an all-sky map at high resolution, and with little variation 
of zero-levels and temperature scales over the whole map. It was with 
this in mind that Haslam and his co-workers started on a series of 
carefully controlled surveys of the radio continuum emission at 408MHz. 
Already in 1970, Haslam had surveyed the anticentre region of our 
galaxy at 408MHz using the Mark I Jodrell Bank radio telescope (Haslam 
et al. 1970 ), and in 1974 the remaining region of the northern sky between 
---
declinations +48° and -8° were surveyed using the Effelsburg 100m 
telescope (Haslam et al. 1974 ). Haslam then extended these surveys to 
cover the rest of the sky; using the Parkes 64m telescope and the Jodrell 
Bank Mk1A telescope (Haslam et al. 1981 ). 
With the availability of this new survey, it was decided to perform all 
further galactic simulations at the frequency of 408MHz to take advantage 
of these improved observations. 
This chapter gives the details of this new 408MHz survey and describes 
how it was used in the current modelling calculations. 
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4. 1 The 408MHz Survey 
The antic entre region was mapped at 408MHz by Haslam et al. ( 1 970) 
using the I.fu.rk I Jodrell Bank radio telescope. The region covered was 
from right ascension 04h to 1 2h, declination -20° to +60°. The beam 
profile of the instrument was found to be a good approximation to an 
elliptical gaussion of half-power width 44 minutes of arc in azimuth by 
47 minutes of arc in elevation. The temperature scale for the survey was 
calibrated by using the reference source 3C295 and also by comparison with 
the independently calibrated Cambridge 404MHz survey of Pauliny-
Toth & Shakeshaft (1962). It was estimated that the temperature scale so 
derived was probably correct to better than 10~ and that the average 
zero-level had errors of +2. 75K. 
The remaining region of the northern sky between declinations -8° and 
+48° was surveyed by Haslam et al. ( 1 974) using the 1OOm radio telescope 
of the Max Planck Institut fur Radio-astronomie at Effelsburg. The beam 
profile for this instrument was found to be well approximated by a 
circular gaussian of half-power width 37 minutes of arc. By comparing 
their observations with the 404MHz survey of Pauliny-Toth 
& Shakeshaft ( 1 962) an attempt was made to calibrate the survey. However, 
a larger than expected scatter of results was found, and a further attempt 
was made to define the scale by comparing radio source intensities in the 
region of overlap with the Jodrell Bank part of the survey 
(Haslam et al. 1970 ). Once again the comparison with the 404MHz survey 
was not satisfactory; and it was only after editing the 404MHz data for 
inconsistant points that satisfactory values were obtained for the zero-
level corrections to be applied to the Effelsburg data. The temperature 
scale so determined was estimated to be better than 10~ while the 
absolute zero-level of the survey had an error of +3K. 
The southern part of the sky was surveyed using the Parkes 64m 
telescope (Haslam et al. 1981 ). The receiving equipment used for this 
part of the survey was based on that used for the Effelsburg portion, but 
it also allowed the linearly polarised component of the continuum emission 
to be measured. The Parkes survey was made to overlap the Effelsburg 
survey by 5°, so that the two parts could later be intercalibrated and 
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combined. The beam profile of the instrument used was determined to be 
well approximated by a circular gaussian function of full width to half 
maximum power ( FWHM) equal to 51 minutes of arc. To be able to fix the 
zero-level and temperature scale, the observations were again compared 
wi t.h the absolutely ~.:alibrated Cambridge 404MHz survey· of Pauliny-'roth & 
Shakeshaft ( 1 962 ). The Parkes survey was first of all smoothed to the 
lower resolution of the Cambridge survey, and the measured 404MHz points 
were corrected to main beam brightness temperatures and scaled to 408MHz 
using a spectral index of 2. 5- The two surveys overlapped between 
declinations +20° and -20°, and at each declination a best-fit straight 
line was found on a plot of the Cambridge data versus the Parkes data. The 
slopes of the lines thus gave the brightness temperature scale and the 
intercept the zero-level correction at that declination. It was found 
that the standard deviation of the slopes of the lines was only 2% of 
their mean value, and the standard deviation of the zero-level was about 
1K. To check that these values could be applied to the rest of the 
southern survey, a comparison was made with the 408MHz absolutely 
calibrated brightness temperatures of Price ( 1 972 ). Price had used the 
same telescope to survey areas 5° by 5° and separated by 15° in latitude 
and longitude. The temperatures of Haslam's survey were averaged over the 
required areas and compared with the previous observations. It was found 
that the difference between these two sets of results was 0.3+0.3!{, with a 
standard deviation of 1.8K. This suggested that the zero-level of the 
present survey was better than 2K over the entire southern sky. Haslam 
also estimated the random temperature errors from a comparison of crossing 
points up and down scans. These he found to have a standard deviation of 
0. 5K near the celestial equator, decreasing towards the south pole. 
The remaining part of the sky, that of the north polar region, was 
surveyed by Haslam using the Jodrell Bank Mk1A telescope. The same 
receiver was used as with the Parkes part of the survey. The beam profile 
of the instrument was again, to a good approximation, a circular gaussian, 
but this time with a FWHM of 49'. Using the same procedure as for the 
southern survey, the zero and temperature scales were obtained by 
comparison with the 404MHz absolutely calibrated Cambridge survey. This 
time the slopes had a standard deviation of 1 O% of the means, and the zero-
level a standard deviation of 0. 7K. The random temperature errors were 
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estimated to have a standard deviation of about 1.2K at declination +45°, 
decreasing towards the North Pole. 
The overall 408MHz continuum map produced (Haslam et al. 1 982) was thus 
estimated to have temperature scales with an accuracy of better than 10% 
and an average zero-level error of 3K. The positional accuracy obtained 
over the whole map was estimated to be better than 6" in right-ascension 
and 1' in declination. The overall resolution of the survey may be taken 
to be 0.85° corresponding to a FWHM beam profile of 51'. 
4. 2 The Observed Features 
The new 408MHz survey reveals many interesting features. Figures 4.1 
to 4. 5 are samples of the data in the published survey (Haslam et al. 
1981 ). The contour levels depicted on these maps are given in table 4.1. 
Table 4. 1 
l Temperature Range l Contour Interval l 
1-------------------+------------------l 
l 0 - 1 OOK l 2K l 
l 1 00 - 1 50K l 5K l 
l 1 50 - 300K l 1 OK l 
l 300 - 500K l 20K l 
l above 500K l 50K l 
The first thing that is noticeable from the maps is that the range of 
brightness temperatures is very large. Temperatures vary from about 14K 
in the intermediate latitudes of the anticentre direction, to around 2000K 
for the central galactic source. 
The dominant feature of the sky is the high temperature ridge of the 
galactic plane, indicating that most of the radio emission is emanating 
from our own Galaxy. The temperature variation along the ridge 
(figure 4. 6) is seen to rise towards the galactic centre, reaching a 
maximum with the powerful central source. The minimum along the plane 
(b-n: = 0°) is not in the direction of the anticentre, but is in fact in the 
1~ = 245° direction. This behaviour is highly suggestive of a spiral-arm-
like nature for the distribution of the galactic emission, as with such a 
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Figure 4-1: 408MHz whole-sky map convolved with a beam of half-power width 
of 2°. (Haslam et al. 1981 ) 
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Figure 4.6: Radio emission profile along the galactic plane taken from the 
408MHz survey. 
220 
,'-''' 
200 160 
structure there exists a direction in the region of l~ = 270° in which no 
spiral arms cross the line of sight. In the anticentre, however, the line 
of sight would still cross any outlying arms and so produce a higher 
temperature. This minimum temperature appears to be about 30K, which is 
interestingly only 1 OK above the average high latitude temperature. Tne 
anticentre on the other hand has a temperature in the region of 40K. 
Along the plane there also occur many peaks, several of which can be 
associated with active sources in other parts of the electromagnetic 
spectrum. The most prominent of these peaks coincide with the objects 
Cassiopeia A, the Cygnus complex and the Vela supernova remnant. These 
occur at longitudes of 112°, 80° and 264° respectively. The emission from 
Cas A is a result of the energy released from a supernova explosion that 
happened around 1 667 AD. The emission from the Cygnus complex appears to 
be mainly thermal in nature (Hirabayashi 1974 ), and the Vela source is 
also thought to be due to a supernova remnant, approximately 10,000 years 
old. For these reasons French did not attempt to model the emission peaks 
of these objects in his calculations, and in the work presented here these 
peaks are not considered to be a result of the global structure of the 
Galaxy but only localised features. 
It is also believed that many of the other peaks seen in the ridge of 
the galactic plane, especially in the region 50°- 280° (figure 4.6), are 
of this nature, or are localised fluctuations or 'knots' in the emission, 
and a global model of the Galaxy should not attempt to simulate them. 
However, it is reasonable to expect that the temperatures in between these 
peaks should be predicted correctly, and this was one of the aims of the 
current work. If the peaks in the plane profile are ignored and a line is 
fitted through the base temperatures, as in figure 4. 7, it is found that 
the underlying form consists of a series of steps rising towards the 
galactic centre from either side. This is consistent with a model 
containing a series of annuli of increased emission. As the line of sight 
cuts through successive annuli; sweeping in towards the galactic centre, 
so each contributes an approximately constant amount towards the total 
emisson in that direction. Hence a series of steps, or shoulders, would be 
seen from such a structure. If the annuli are concentric, with their 
centres at the centre of the Galaxy, then it would be expected that the 
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Figure 4. 7: Line passing through the base of the peaks in the 408MIIz 
emission profile along the galactic plane. 
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steps in the longitude profile would be symmetrical about the centre line. 
However, this is not what is observed. Instead the steps that are seen are 
entirely consistent with a model made up of a series of spiral filaments 
of high emission, emerging from the central region of the Galaxy. In this 
case, the lines of sight that lie tangential to the various spiral arms 
would not necessarily be in similar directions on each side of the centre. 
Thus, from the radio continuum evidence alone it is highly plausible that 
our Galaxy has a spiral-like structure. From a consideration of figure 
4.7 it can be seen that any model of the Galaxy should try to ensure that 
arm tangents exist in the directions llt = 50°, 40°, 30°, 10°, 355°, 325°, 
310° and possibly 280°. 
Another interesting feature about the ridge of high emission 
associated with the galactic plane is that it does not follow the b~ = 0° 
line precisely. In the central region from l~ = 300° - 60° it follows the 
line of the central plane quite closely, but between 11 = 60° and 1 50° it 
lies some degrees above this line, and between llt = 1 50° and 310° it has a 
tendency to lie below this line. This feature has been observed in HI 
measurements too (Baker & Burton 1975) and has been widely attributed to 
the presence of a warp in the disc of the Galaxy. Baker & Burton found the 
model that best fit the HI information was one in which the disc is 
considered to be flat out to 9. 5kpc, with a warped 'rim' outside this 
radius. The form of this warp can be expressed as: 
2.0 :: 0·0 kpc. 1<. ~ 't . S' 1<. p~ 
"l 8 = O·I'Z.(P.-'I-S")c.o~(,P-85""0) K.. > 't·S' kpc ( 4. 1 ) 
where z is the distance measured above the plane, R is the radial distance 
from the centre measured in this plan~, and cp is the angle measured 
clockwise, in the plane, from the line joining the galactic centre to the 
Sun. The Sun in their calculations was assumed to be at 9.5kpc from the 
centre of the Galaxy. 
At intermediate latitudes, the most noticeable features are the arcs of 
high emission that sweep out from the galactic plane. These are known as 
'spurs', the most prominent of them being known as the North Polar Spur. 
This spur emerges from the plane in the region of 1~ = 26°, b% = +60 and 
can be easily traced up as far as lll" = 315°, blt = +76°. Many other spurs 
can be seen in figure 4.1, though none are as prominent as the North Polar 
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Spur. Two main theories have been put forward about the nature of the 
spurs. Rougoor (1966) and Matthewson (1968) have suggested that they are 
'radio tracers' of a helical magnetic field that runs through the Galaxy. 
The second theory is that the spurs are shells of large, nearby supernova 
remnants (Hanbury Broim at al. 1960, Berkhuijsen et al. 1971, Haslam et al. 
1971 ). If the latter is true, then the arcs should be parts of small 
circles on the sky, and it might be expected that it would be possible to 
trace some of these through the galactic plane to the other side of the 
galactic ridge. There is little evidence for this on the 408MHz map, and 
in particular it appears that the North Polar Spur does not extend closer 
to the plane than blt = +6°. Sofue & Tosa (1976) claimed to find a 
correlation between the steps in the continuum emission in the plane and 
the spurs, and suggested that they are the result of banks of energetic 
electrons and magnetic flux lines that are ejected from the shocked 
regions of arms, produced by spiral density waves. He proposed that a 
possible mechanism for this might be Parker instabilities caused by 
radiation pressure from the young stars formed in the wake of the shock. 
In the intermediate latitude regions it is also noticeable that the 
behaviour of the fall-off in intensity from the plane is different on 
either side of the galactic centre. The easiest way to see this is by 
looking at one isolated contour, as in figure 4.8. (Here the 50K contour 
has been extracted from the data.) It can be seen that in the central 
region, between 11! = 325° and 35°, the fall-off in emission with latitude 
is roughly constant and symmetrical on both sides of the centre; excepting 
of course the large deviation due to the North Polar Spur at 111 = 30°. 
Further out, the left-hand side of the contour remains at the typical 
central scale height until about 1% = 50° and then drops sharply within 5° 
to a much smaller scale height. On the right-hand side of the Galaxy, 
however, the change in the intermediate latitude temperatures beyond 
1~ = 325° is more gradual, causing the contour to smoothly sweep down to 
the plane. Looking at the plane profile (figure 4.6) it can be seen that 
the regions over which the intermediate latitude temperatures are 
changing in this way are the same as those associated with the nearest 
inner spiral arm, that is the first of the shoulders on either side of the 
Galaxy. It is possible then that the intermediate latitude contribution 
in these areas may be associated with the underlying spiral arm. If this 
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Figure 4.& Isolated 50K contour.taken from the 408MHz survey. 
were the case then, taking the spiral arm model of French, the height of 
this emission above the plane in the l~ = 50° tangential direction would 
have to be of the order of a kiloparsec. However, as the line of sight 
moves in towards the galactic centre, emission at this height would 
subtend an increasing angle to the plane, producing a 'bowing out' of the 
contours at intermediate latitudes in the centre. This is not seen. In 
order to obtain the observed emission behaviour, the scale height of any 
emission along the arm must decrease with increasing distance along the 
arm, eventually reaching a height of 0.15kpc in the direction l'lt = 290°. 
Also of interest is the fact that beyond 1~ = 60° the latitude profile 
broadens again. In this region one is looking at the outer Perseus arm as 
it moves in closer with increasing longitude. If emission above the disc 
was associated with this arm, then it would be expected that a rapid 
increase in the width of the brightness distribution would be seen with 
increasing longitude. This does not appear to happen. Some slight 
increase in width is seen, but this then remains constant through to 
l'lt = 150°, when it drops again. As with the inner arm it would be 
necessary for the scale height of the emission, if associated with the arm, 
to decrease with increasing distance along the arm. 
At higher latitudes, I b'1t' I > 50°, the emission is much more even, varying 
apparently randomly between 18K and 22K over most of the sky. There is, 
however, an area in both the northern and southern hemispheres where the 
temperature drops down to a minimum of around 14K. The northern region is 
centred on 1 :u = 1 90°, bn: = +45° and extends over an area roughly 30° in 
diameter, whereas in the south it is smaller, around 20° in diameter, and 
is centred on l:u: = 240°, b'Jt. = -50°. This is thought to be where the line 
of sight through the radio halo is the shortest and hence gives minimum 
brightness. For a spherical, uniformly emitting halo this would certainly 
be the expected effect. 
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4.3 The Data 
The observations at 408MHz, described in the previous sections, were 
used for comparison with the simulation work presented here. Unlike 
French's use of the 150MHz data, no attempt was made to subtract off the 
spur or source contributions from the observations before performing the 
comparison. As a consequence, there was no attempt to try to model the 
exact observed temperatures in the regions where such contributions were 
thought to be significant. Also, the estimated contributions from diffuse 
thermal and extragalactic sources were added to the predicted values, 
instead of being subtracted from the observations as French had done. 
The data itself was available on magnetic tape, and computer programs 
were written to access this data in a number of ways. The information 
consisted of 108 files, each covering an area of the sky 30° wide in 
longitude and 20° in latitude. The brightness temperature was given every 
third of a degree in both latitudinal and longitudinal direction, so each 
file contained a grid of 91 x 61 points. Three programs were used to 
extract the information from these files: one to obtain printed listings 
of the data values from any rectangular area of the sky, one to produce a 
contour map of a specified rectangular region and finally an interactive 
program to view selected latitude or longitude profiles of the data or 
obtain isometric projections of the three-dimensional brightness 
temperature surface. It was also possible to produce hardcopy output of 
any of the plots selected using this last program. Details of these 
programs are given in Appendix III. Examples of the output from them are 
given in figures 4. 2 to 4. 5 and 4. 9 to 4.12. 
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Figure 4.10: Emission profiles at longitudes of 30° and 330° for latitudes 
between -90° and +90°. 
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Figure 4.11: Surface representation of emission from the region 1~ = 40° 
to 60°, b 4 = -10° to +10°. The X-axis is negative longitude, the Y-axis 
is latitude. 
Figure 4a 12: Three views of the surface representation of the emission in 
the region of the Crab Nebula. The X-axis is negative longitude, theY-
axis is latitude. 
CHA"PrER 5 
THE NlJiiiERICAL l-10DEL 
This chapter describes the actual numerical techniques used to obtain 
the simulated radio brightness distribution predicted by the theoretical 
model outlined in chapter 2. A description is also given of the standard 
procedure adopted when working with each new model of the Galaxy. 
Finally, as a check of the validity of the present calculations, the 
results obtained using French's ( 1 977) preferred model, 3D6, are compared 
with his predictions. 
5.1 The Numerical Techniques 
The bulk of the calculations required to obtain the radio brightness 
distribution across the sky were performed using a computer, and so the 
techniques used were designed to be suitable for such computation. 
The integrated radio emission at 150MHz along a line of sight was shown 
in chapter 2 to be given to a good approximation by: 
Tb(150) = o.0498J N (s)H Cs) 1•8+N (s)H_lf (s)1. 8 ds 
e ..L.rej e '"'"1 
~. .. 4 .(. ,,~.~-
( 5. 1 ) 
This was shown by French to be well approximated by: 
Tb ( 1 50) = 0.0498 SN e ( s) [H"'~ e.sin9] 1•8+0. 6861. Ne ( s) ~LH ... ~ /F J1.8y ( s) ds 
'"•t. o(, ,,_,1..+ 
(5. 2) 
where 
(5. 3) 
To perform the integration required, the integrand was evaluated at 
regular intervals along the line of sight for the model in question, and 
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the sum of the contributions made. The step size was chosen to be much 
smaller than the scale of the features in the theoretical model, and so, to 
a good approximation, the integral along the line of sight is given by the 
composite Simpson's integration formula (Hildebrand 1 956 ): 
(5. 4) 
where n is even, and Ii is the value of the integrand evaluated at the i th 
step, and fj s is the step size. In practice, the range of the integration 
need only be taken to the edge of the Galaxy as the emission is taken to be 
zero outside. 
To calculate the value of the integrand at each point along the line of 
sight, the electron density, field strength, spiral arm compression factor 
and field direction must be determined from the theoretical model under 
consideration. 
The electron intensity at 1GeV was always assumed to be a constant 
value of 80 m-2sr-1s-1Gev-1 within the galactic plane and to vary with 
height above the plane as: 
Ne(z) = 80(1-0.3552x+0.04733~-0.002127x3) 
Ne(z) = 0.0 
where x = z/w(R) and: 
w(R) 0. 591 -0. 0652R +0. 01 06R 2 
for x < 1 0.85kpc (5. 5) 
for x > 10.85kpc 
(5. 6) 
z and R being measured in kiloparsecs. The scale height of 10.85kpc at the 
Sun had been determined by French to give the correct pole temperature at 
150MHz. 
The underlying regular magnetic field at any point was taken to be 
independent of height above the plane, and varied with radius as: 
H (R) 
....., 
H,.~ (R) 
H0 [ 1 -exp( -R 2/4)] exp( -R2 /R;) 
0.0 
R < 1 Ok:pc 
R > 1 Ok:pc 
( 5. 7) 
The scale of the fall-off, R0 , was taken to be an unknown parameter and was 
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fixed in the normalisation procedure outlined in section 5.2. The 
constant H0 was evaluated for a given value of R0 , to give a field of 
3 microgauss at the position of the Sun, that is R = 10kpc. The ratio of 
the irregular to irregular components of the field was taken to be a 
constant F, which was also considered to be an unknom1 parameter and fixed 
in the normalisation procedure. 
The compression factor at any particular point was determined by 
finding the perpendicular distances to the nearest inner and outer spiral 
arms, and evaluating the compressions resulting from each arm. The sum of 
the two values was then taken. This was later found to have undesirable 
effects and subsequent models took the maximum of the two compression 
values as the compression at that point. In calculating the perpendicular 
distances to the nearest arms another approximation was used. The actual 
distance calculated was that indicated as DX in figure 5.1. The reason for 
this was that it was much easier to calculate this distance from the form 
in which the spiral arms were parameterised in the calculations. The arms 
were described as radial functions of the angle <fo from the Sun-centre 
line. This angle was relatively easy to determine for the particular 
point on the line of sight at which the evaluation was being made, and so 
the radial distance of the arm lying on the line to the galactic centre 
was readily obtainable. The gradient of the arm tangent at this value of 
~ was also easily obtained, and so the calculation of DX as 
(DR x cos(GR)) was simple. To obtain the correct perpendicular distance 
to the point of evaluation, an iterative procedure would have to have been 
undertaken, calculating the intersection of the perpendicular to the 
tangent at a particular point on the arm and then adjusting this until the 
intersection was obtained at the evaluation point. Computationally this 
would be a much more expensive procedure, and in fact would result in a 
value very similar to that obtained with the first method. This is 
because the actual angle GR is quite small ( Ao/1 0°) and the curvature of 
the arm is slight compared with the distance (DR x sin(GR)) on the figure. 
So, the error in taking D~ instead of the true value is minimal. If the 
radius of curvature for an arm is typically 1 Okpc, then the error in 
calculating the distance to the arm in this way is estimated to be about 
2%. 
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The final value needed to calculate the integrand is the angle, e' 
between the line of sight and the field direction at the evaluation point. 
The geometry of the situation in the plane can be seen from figure 5.1. 
The field direction was assumed to vary linearly between the direction at 
the inner arm to "the direction at the outer armo \•Then ,.ri thin an arm the 
field was taken to run parallel to the arm. For ease of computation the 
directions of the inner and outer arms were calculated at the points of 
intersection with the line from the galactic centre through the evaluation 
point. The field direction, GR, was thus calculated by the formula: 
The direction of the field was always taken to lie parallel to the 
galactic plane. The angle ,r between the field direction and the line of 
sight, projected onto the plane, was given by: 
t = llt + cp .:. -rr /2 + GR (5. 9) 
The actual angle has to take into account the latitude bll. of the line of 
sight as well and is given by: 
e = cos-1 (cos*' cos b1r) (5.10) 
As indicated earlier, the arms were represented by functions giving the 
radial distances to the arms in terms of the galactic plane angle cp 
(figure 5.1 ). In his calculations French had digitised the radial 
distances to the arms at intervals of 15° about the galactic centre, and 
had used four-point Lagrangian interpolation to obtain the R values of 
intermediate points along the arms. This, however, requires considerable 
calculation to determine the Lagrangian coefficients at each point, and so 
in the present work, it was decided to perform n-point Lagrangian 
interpolation on the whole arm, where n is the number of digitised points 
on the arm, taken at intervals of 15°. In such a situation the 
coefficients need only be evaluated once for each arm and could be input 
as data to the main calculations. The particular analysis used was a form 
of Chebyshev interpolation. With this type of interpolation it can be 
shown that the maximum error caused by using the interpolation function 
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GALACTIC 
CENTRE 
Figure 5o1: Diagram showing the calculation of the distance DX from a point 
on the line of sight to the nearest spiral arm. The names of the angles 
and distances used in the figure are those used in the computer programs 
(Appendix III). 
rather than the actual form has a tendency to be minimised, irrespective 
of the form of the actual function (Hildebrand 1 956 ). To perform this 
Chebyshev interpolation the function is approximated by: 
" 
f( x) ~) c,.T,_ ( x) 
4-- I\. 1\.. 
(-1~xf1) (5. 11 ) 
k~o 
where Tk is the k th Chebyshev polynomial and the ck are constant 
coefficients determined by the requirement that: 
" f( xi) = 2, ckTk( xi) for i=0,1, ••••• ,n (5. 12) 
k.•o 
where 
xi = cos( (2i +1 ) 'T1' /(2n+2)) (5. 13) 
That is, the interpolating function must coincide with the underlying 
function at the specified points x0, x 1, x2, ••.•• , xn. If a change of 
variable is made such that: 
X = COS ~ (5.14) 
then the above equations can be expressed as: 
" 
f(x) = f(cosf) F(S) ~ 2_ ckcos k f (5. 15) 
~.. .. 0 
where 
(5.16) 
at the points: 
for i=O, 1,2, ••••. ;n (5. 17) 
Thus the agreement now has to occur at the equally spaced points 
TT"/(2n+2), 3"TT"/(2n+2) •••••• ; (2n+1 )"11"/(2n+2), which may be taken as the 
digitised points on the arm. The coefficients ck are given by: 
.. 
1 /(n+1) L F($r) 
~0 
.. 
2/(n+1)~F(Sr) cos k~r 
.r~o 
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(k I o) 
(5. 18) 
which may be calculated before the main computations involved in obtaining 
the radio emission, and can be recalled when required. The galactic 
radius to the arm for a particular value of the angle tp is thus given by: 
.. 
R(rf') = Lckcos[2(<#>0 -cp)/15 + 1 }n/(2n+i) (5. 19) 
k.:.o 
where 
(5. 20) 
cfo0,tp1, ..... ,c/>n are the angles of the digitised points of the arm measured in 
degrees about the galactic centre. The gradient 1/R(dF/d~) at any point 
on the arm can be obtained by differentiating the expression 5.15 to give: 
" 
1 /R.dF/d5 = -[Lck k sin k5J/R (5. 21 ) 
K." 0 
The gradient of the arm at angle 4> is thus: 
.. 
1/R.dF/d.;, = 1/R.2'11'cLk ck sin(2(4>0-~)/15+1 )·1f"/(2n+1 )]]/[(2n+1 )15] (5. 22) 
....... 
This is the angle GR on figure 5.1, that is the angle between the tangent 
to the arm at that point and the tangent to the circle centred on the 
galactic centre that also passes through that point. 
The calculation of the radio emission out of the plane has many 
features in common with the calculation in the plane. This is because, as 
described in chapter 2, the models used for the Galaxy have certain 
components that do not change with height above the plane. In the 
calculation of the magnetic fields and their orientation, for instance, 
the basic underlying regular field does not vary with increasing z, only 
the compression factor applied varies. Similarly, the direction of the 
field does not alter with height, only its component perpendicular to the 
line of sight does. To take full advantage of this fact, the spacing of 
the evaluation points along the lines of sight of subsequent higher 
latitudes was increased so that they lay directly above the points of the 
previous line of sight. That is, the spacing of the points was increased 
as the reciprocal of the cosine of the latitude. This results in the 
situation shown in figure 5.2. The evaluation points of lines of sight at 
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sampling 2 W"' 
points 
Sun.kf b- line of sight 
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~
lls 
Figure 5.2: The spacing of the evaluation points used in calculating the 
integral along the lines of sight of different latitudes. 
higher latitudes are directly above those in the plane, hence certain 
values obtained in the calculations will be the same and so may be used 
from the earlier line-of-sight calculations. This considerably reduces 
the amount of calculation needed to obtain these subsequent higher 
latitude valueso However, this means that the nwnerical integration 
becomes coarser with higher latitudes, and in fact is impossible for 
latitudes much greater than 80°. The error involved is not as great as 
might be expected though, as the variation of emission above the disc is 
much smoother than in the plane, so the step size is still significantly 
smaller than the typical scale of variations along the line of sight. 
Another saving can be made by only evaluating the positive latitude 
brightness temperatures. As the model of the Galaxy is symmetric about 
the central plane, the values at the negative latitudes exactly mirror 
those of the positive latitudes. 
The calculations outlined so far produce the predicted synchrotron 
radio emission for the Galaxy. To compare this with the actual 
observations the predicted emission must be scaled to that expected at the 
observing frequency, and contributions from the diffuse thermal and 
extragalactic sources must be added in. Finally the result must be 
convolved with the beam profile of the observing telescope. 
The electron energy spectral index was assumed to be 2.6, and so the 
b • ht t t 1 '·...;th f -2,8 r1g ness empera ure sea es "~ requency as ~ . As the 
observations were carried out at 408MHz, this means that the corresponding 
predicted temperatures, evaluated at 150MHz, could be obtained by 
multiplying by the factor (408/150)-2· 8 = 0.0607. 
In the current work it was also assumed that the thermal emission along 
any particular line of sight was a fixed percentage of the synchrotron 
emission in that direction. This was taken ~o be 23.5% of the synchrotron 
radiation at 408MHz, based on the results obtained by Hirayabashi ( 1 974) 
in the plane. The thermal contribution scales as "-2· 1 for the range of 
frequencies of interest here. 
The extragalactic contribution was taken to be the same as that used by 
French, which corresponds to 3K at 408MHz for the diffuse sources and 3K 
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for the uniform 'Big Bang' background radiation. The former was assumed to 
scale with frequency as ~ -2. 75. 
The resulting map of predicted temperatures then had to be convolved to 
a circular gaussian function of half power beam width 51'. (The 
constituent parts of the all-sky survey had been smoothed to a common beam 
profile of this width.) The predicted emission values were evaluated at 
constant intervals in latitude and longitude, thus producing a grid of 
temperature values. The convolution with the beam profile was performed 
numerically by taking the 48 grid points around each line of sight 
(figure 5.3) and averaging their contributions using the beam profile as a 
weighting function. The convolution process was thus approximated by: 
J l 
Tconv< lu.,bz) :f.~ Tij exp(- [ (61~ cosbx) 2 + (Abj) 2 ]/2 cl) f l exp(- [ (Al!cosbit)2+(A bj) 2 ]/2.,-2 ) 
i.=-:S j==--3 
(5. 23) 
where Tij is the brightness of the evaluated point that lies .lll~ in 
longitude and ~b~ in latitude from the central direction (l~,blr) (figure 
5. 3). 
After convolution, the result was a grid of the predicted brightness 
temperatures covering a rectangular region of the sky, which could then be 
compared with the 40B>iHz observations. 
5. 2 The Procedure 
This section describes the procedure undertaken when examining a new 
model for the Galaxy, and the computer programs which were employed in the 
process. 
After choosing the form of the distributions and the spiral arm 
positions of the new model, these were incorporated into the relevant 
computer programs (Appendix III). The spiral arm positions were digitised 
at 15° intervals and the Chebyshev polynomial coefficients, as described 
in the previous section, were calculated using the program CHEBY. 
The next stage was to determine the values for R0 and the field ratio F. 
As was seen in the last section, the integral of the emissivity along a 
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Figure 5.3: The surrounding points sampled in calculating the predicted 
temperature at a point when convolved with the beam profile. 
line of sight can be considered as the sum of the two contributions from 
the regular and irregular components of the galactic magnetic field. From 
equation 5.2 it can be seen that the integral may be written as: 
Tb = 0;0498)N 8 (s)(H ... _j~._sin8) 1 · 8+(0.6861 /F 1 · 8 )Ne(s)(H~ .. .:ieJi.8y(s) ds 
·-~·'<.~~~ 
( 5. 24) 
In the calculation of the irregular component it can thus be seen that the 
factor 0.6861 /F1· 8 is a constant throughout and so may be omitted in the 
interim from the calculation of the separate contributions. To obtain the 
total brightness temperature the two contributions may be added, 
multiplying the irregular portion by this constant. 
Tb = Treg + RATIO.Tirreg (5.25) 
where 
RATIO = 0.6861 /F1.8 (5. 26) 
RATIO contains the only occurrence of the constant F in the calculations 
and it is convenient to treat this as the variable parameter rather than 
the value of F. 
To obtain the values for R0 and RATIO, the following procedure was 
undertaken. The predicted temperature contributions were found for the 
directions 1 s = 0° and 180° in the plane, assuming a particular value for 
2 R0 • The values of RATIO needed to obtain the actual observed temperatures 
in these particular directions were found. This was done for several 
values of R~ and, as a result, two curves could be plotted of the values of 
RATIO against R~ for the two normalisation directions. The point of 
intersection of the two curves yielded the particular values of R~ and 
RATIO for which the theoretical model predicted the two observed 
temperatures simultaneously. 
With all of the variable parameters fixed, the predicted radio emission 
for any region of the sky could be calculated using the program SYNP. The 
input to this program consisted of the values R~ and RATIO, and the 
Chebyshev coefficients for the spiral arms. The output was scaled to the 
required frequency and the thermal and ex tragal ac tic components were 
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added in. The result was then convolved with the specified beam profile 
to produce the final grid of brightness temperature values. All this was 
achieved by the program CONVP. This sequence of steps and the computer 
programs employed are shown in figure 5. 4. 
Having obtained the predicted values of the radio emission, contour 
maps of selected regions of it could be made, and cross-sections in the 
form of latitude and longitude profiles could be obtained. The profiles 
could also be plotted with the actual observations for comparison. 
Isometric surface plots of regions of the data could be obtained for 
clarification of certain details. The programs MAPDEC/GPCP and PRFL were 
used to obtain these plots (see figure 5.4). 
If necessary, plots of the emissivity variation along a chosen line of 
sight could be obtained using the program EMISP, and the spiral pattern of 
the arms used in the model could be plotted out using the program SPIRAh 
Because of the reasons outlined earlier the actual pole temperature could 
not be obtained using the SYNP program, and so the program POLE was written 
for this specific purpose. Some of the later models investigated, also 
have density plots of the galactic plane emission, as seen from above the 
disc. These were obtained using the GALVIEW program. 
A full description of the programs and their use is given in Appendix 
III. 
5.3 Model 0 
The first model that was used to predict the simulated radio emission 
of the Galaxy was chosen to be as close as possible to the original model 
that French had thought the best in his investigations. In the plane this 
model uses his model A. 3, as described in chapter 3, and out of the plane it 
uses model 3D6. 
The arm pattern used was taken to be the same as in the original model 
(figure 5.5), and this was digitised at intervals of 15° as required for 
the interpolation functions. The pattern had to be extended to cover the 
far side of the Galaxy, as the central longitudes were to be included in 
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Figure 5.5: The arm pattern used by French (1977), drawn to the same scale 
as the patterns presented in chapter 6. 
the calculations. This was done by extending and connecting together the 
arm segments of the French model to produce continuous spiral arms where 
possible. The resulting digitised values for the whole pattern are shown 
in table 5.1. 
I 
I 
I 
Table 5. 1 
ARMS 
------~-----------------------------------------------------
11 1213\4\5\617\8\9 
I I I I I I I I I 
------~-----~----- -----~-----~-----~----- -----~-----~-----
c/>0 : 15 : 31 5 225 : 1 35 : 285 : 1 35 180 : 45 : 45 
"...L : 330 II 360 360 360 1 95 : 75 1 80 : 1 50 : 75 
t.J. '1' I · I I 
------ -----~----- -----~-----~-----
4.00\ 4.00 4.00 4.0010.3512.40 7.50\10.95\10.951 
4.23 4.02 4.05 4.0010.7512.90 8.30\11.06\10.80 
4.30 4.10 4.25 4.20 11.40 13.65 9.10\11.30\10.30 
4.45 4.25 4.30 4.40 12.00 14.20\ 9.70\11.80\10.50 
4.75 4.45 4.45 4.80 12.60 14.801 9.90\12.45,11.15 
5 , 1 5 4 • 75 4 , 65 1 5 , 20 1 2 • 90 : 1 6 • 95 1 0, 30 : 1 2 • 80 1 1 2 • 80 
5.65 5.10 5.00 5.5013.25\ 10.60\13.20\ 
5. 85 5. 50 5. 40 5. 00 1 3. 70: 11. 10:1 4. 00: 
6. 10 5. 90 5. 75 6. 10 1 4. 05: 11. 45: 1 4. 50: 
6.35 6.35 5-95 6.4014.55\ 13.10\15.40\ 
I R (t/>) 6.90 6.8516.20 6.9015.00\ 15.10\16.35 
7. 50 7. 45 1 6. 50 7. 40:1 5. 00: 1 5. 45: I 
I 
I 
I 
8.05 8.05\7.00 7.85\15.60\ 116.12\ 
8. 60 1 8. 60 : 7 • 55 8. 40: 1 6. 55 : 
19.30\8.95\8.05 8.90\ : 
\10.10\9.40\8.68 9.30\ : 
110.901 9.851 9.45 9.00: 1 
11 1 • 1 0 11 0. 35 11 0. 22 1 0. 40 : 1 
: 11 . 60: 1 o. 95 :1 o. 68 11 . 00: 
11 2. 4011 2. 05,11. 45 11. 25: 
11 3. 1 0 11 3. 20 11 2. 1 0 1 1 . 40: 
:1 4. 65:1 3- 50:1 2. 95 11. 65: 
: 1 6. 30 : 1 4. 1 0 : 1 3. 70 : 1 1. 90 : 
: \14.65\14.55\12.05\ 
: \15.75\15.55\12.40\ 
The Chebyshev coefficients for this set of arms were calculated ready for 
input into the main synchrotron evaluation program. The spiral pattern 
that was produced by using these coefficients is shown in figure 5.6, which 
is drawn to the same scale as figure 5. 5. It can be seen that the 
Chebyshev polynomial interpolation produces an accurate description of 
the spiral arm pattern. The only obvious deviation is that of the local 
arm. This is a straight line in the French pattern but emerges slightly 
'wavy' in the interpolated pattern. The results of this will be seen 
later. 
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Figure 5.6: The spiral pattern used for model 0. 
is marked by 0. (Compare with figure 5. 5). 
' \ 
The position of the Sun 
The only explicit difference between this current model and the 
original one is that the compression profile of a spiral arm is taken to 
have the form: 
4. 1 exp( -4a/O. 5) + 0. 7 (5.27) 
where a is the perpendicular distance from the nearest inner arm, rather 
than that in French's models of: 
4. 1 ex p( -1 3. 7 a/ A) + 0. 7 (5. 28) 
where A is the interarm distance. As the value of A is on average about 
2kpc, this means that the width of the arms in French's model was 
approximately 0. 58kpc, whereas in the current model it was slightly 
narrower, at 0.5kpc. Having a constant arm width was felt to fit in better 
with the results of density wave theory, where the relaxation of the 
compression after a spiral shock is primarily a property of the gas and 
not of the arm in relationship to its neighbours. The normalisation 
required to obtain the values of R; and RATIO was performed in the 
directions 1~ = 0° and 180°, as mentioned before. The temperature of the 
408MHz observations in the llr = 0° direction, however, is 2000K because of 
the central source, and it is obviously unsuitable for normalisation as 
the model makes no attempt to simulate the central source. Also, as the 
model has no arm structure within a radius of 4kpc from the centre, the 
rise in the central temperatures observed between 1~ = 15° and 355° could 
not be simulated. For this reason the central normalisation temperature 
was taken to be 380K, which corresponds to the approximate temperature 
values seen on either side of the 15° - 355° plateau. In the anticentre, 
the observed temperature for normalisation was taken to be 40K. The 
values of R2 and RATIO obtained from the intersection of the two 0 
normalisation curves were 135kpc2 and 0.8053 respectively. The curves 
obtained are shown in 1figure 5.7. The value of 0.8053 is equivalent to a 
field ratio F of 0.91. The values that French obtained for his model were 
R; = 131kpc2 and F = 0. 75, though these were obtained by normalising at 
ls = 310° and 180° rather than 1~ = 0° and 180°. 
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Figure 5. 7: The normalisation curves for model 0. 
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The resulting radio emission at 408MHz for model 0 is shown in figure 
5.~ which gives the longitude profile seen in the plane. The 
corresponding 408MHz emission predicted by French's original model is 
shown in figure 5. 9. This was obtained by scaling up his 150MHz 
synchrotron predictions Rnd adding in the and ex tragal ac tic 
contributions of the current model. It can be seen from a comparison of 
the two figures that the present modelling calculations and those 
performed by French are consistent. 
The two small peaks at l~ = 97° and 257° in the results of the present 
model are a consequence of the 'wavy' local arm mentioned earlier. Because 
of the undulations, there are directions in which the arm is tangential to 
the line of sight and hence a peak is seen. In the model used by French 
there is no such direction for the local arm and so the peaks are not seen. 
The spiky nature of the central region in the present calculations is 
due, in fact, to the stepwise approximation of the line-of-sight 
integration, and is not a feature of the model. These random errors are 
confined to the central regions and do not affect the values elsewhere. 
Comparing the predicted profile with the observed 408MHz profile in 
figure 5.8 it can be seen that the right-hand side of the Galaxy is 
simulated well from l'lt = 180° to 330°. The positions of the peaks on this 
side match well with the edges of the shoulders in the observations. The 
region behind the peaks is, however, somewhat lower than is apparent in the 
observations. This indicates that the spiral pattern on this side of the 
Galaxy is correct but that the underlying field distribution falls off too 
rapidly away from the central regions, hence causing the predicted plateau 
regions to be too low. The right-hand side, between 111: = 330° and 360°, is 
not modelled well at all, the predicted profile showing structure not seen 
in the observations, and it is in general much lower in brightness. 
On the left-hand side of the Galaxy, that is longitudes l:u:. = 0° to 180°, 
the predicted profile is rather a poor fit to the observations .. Between 
l:ss: 180° and 55° the prediction is good, apart from the ('10 ~peak at 
l:sr 90°. The first shoulder edge does not coincide exactly with the rise 
in the data, which indicates that the arm tangent in this direction is not 
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precisely in the right place. The fitting of the plateau region behind 
this first arm peak is also very poor. In fact, the observations show 
little evidence of a plateau region at all between 1~ = 45° and 1~ = 30°. 
The second peak at l':lt = 30° also does not seem to correspond well with the 
observed data, and its plateau region is again mu~h bAlmv- what might be 
expected. The sharp drop in emission seen in the 1% = 10° direction is 
due to one of the arms on the far side of the Galaxy suddenly ending. 
Similarly the drops at ls = 0° and 1~ = 350° are a result of this effect. 
Note that the gap in the 408MHz observations between 1~ = 90° and 135° 
was due to the northern part of the survey (using the Jodrell Bank radio 
telescope) not being available at the time of these calculations. 
Thus, several modifications to the original model of French suggest 
themselves, and in the next chapter these and others will be explored. 
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CHAPI'ER 6 
THE GALACTIC HODEL..S 
In this chapter the modifications made in tuning the galactic model 
will be described, and the resulting brightness distributions discussed. 
In all ten models were considered, each one suggested by the results of 
previous models. With each of the models the method and calculation 
sequence was performed as outlined in the last chapter. 
6.1 Model 1 
As was seen from the discussion of model 0 in the last chapter, the 
positions of some of the line-of-sight tangents to the spiral arms appear 
to be incorrect. With this in mind, the shapes of arms 2, 3 and 4 were 
modified in the regions of the relevant tangents. The new digitised 
positions for the arms are given in table 6.1. These modifications were 
designed to produce the tangential directions at 1~ = 336°, 310° and 49° 
for arms 2; 3 and 4 respectively. The modifications to arm 2 were also 
intended to soften the corresponding peak by increasing the curvature at 
the tangential point and hence reducing the tangential section of the arm. 
The resulting spiral pattern for model 1 is shown in figure 6.1. 
As no modification to the model was made that would affect the emission 
from the directions 1~ = 0° and 180°, the normalisation of the model was 
expected to be identical to that for model 0, and so the values of 
R; = 135kpc2 and RATIO = 0.8053 obtained for that model could be used for 
this model too. 
The radio emission for this model was evaluated on a 1°x1° grid as 
before, and again this was scaled to 408MHz and convolved to a beam width 
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Table 6. 1 
I I 
I I ARMS FOR MODEL 1 
~----~-----------------------------------------------------
1 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 
I I I I I I I I I I 
~---- -----~-----~-----~-----~-----~-----l-----l-----l-----
1 :Po 1 5 : 31 5 : 2 2 5 : i 3 5 J 2 85 J i 3 5 i i 80 J 4 5 \ 4 5 
1 A</> 330 1 360 1 360 1 360 1 1 95 I 75 1 1 80 1 1 50 1 75 
I I I I I I I I I 
~---- -----~-----~-----~----- -----~-----~-----~-----
1 4.00 4.oo1 4.00 4.00110.35 12.4o1 7.50110.95 10.95 
1 4-23 4.001 4.05 4.00110.75 12.901 8.30111.06 10.80 
1 4.30 4.0014.25 4.20111.4013.651 9.10111.3010.30 
4.45 4.051 4.30 4.40112.00 14.201 9.70111.80 10.50 
4-75 4.251 4-45 4.80112.60 14.801 9-90 12.45 11.15 
5-15 4-451 4.65 5.20112.90116.95110.30 12.80 12.80 
5.65 s.oo 5.00 1 5.so113.251 11o.6o 13.20 
5 • 85 1 5 • 50 5 • 40 5 • 80 1 1 3 • 70 i 11 1 • 1 0 1 4 • 00 1 
6.1015.90 5.75 6.10114.051 11.4514.501 
6.351 6.35 6.05 6.40 114.551 13.1015.401 
R(¢) 6.901 6.85 6.45 6.85 15.00 15.10 16.351 
7. 501 7. 45 6. 80 7. 25 1 5. 00 1 5. 45 1 
8.051 8.05 7.25 7.65 15.60 16.12 I 
8.601 8.60 7.75 8.10 16.55 
9.301 8.95 8.10 8.65 
10.101 9.40 8.68 9.30 
10.901 9.851 9.45 9.80 
11. 1 0 1 1 o. 35 1 1 o. 22 1 o. 40 
11 • 60 1 1 o. 9511 o. 68 11 • 00 
1 2. 4011 2. 05 111. 45 11. 25 
1 13 • 1 0 11 3 • 20 1 1 2 • 1 0 11 1. 40 
1 1 4. 65 11 3. 50 11 2. 95111 • 651 
1 1 6. 30 1 1 4. 1 0 1 1 3. 70 11 1 • 90 1 
1 114.65114.55112.051 
1 1 1 5. 75 1 1 5. 55 1 1 2. 40 1 
(HPBW) of 51'. The resulting longitude distribution profile is shown in 
figure 6.2. 
As expected, the profile is almost identical to that of model 0. 
However, the arm tangent at l:a.~ 50° has moved out as planned and is 
generally a close fit to the observations in this region. The arm at 
lll'~ 310° has been shifted in, and the peak at iu:~ 336° has been reduced as 
expected. 
The resulting changes are useful in that they provide confirmation of 
our understanding of the nature of the features in the predicted profile. 
In particular, they show that the position of a peak or shoulder is a 
direct result of the arm tangent direction, and that the height of the peak 
is a result of the curvature at the tangential point. 
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6.2 Model 2 
It was felt that the profile predicted from model 1 could be improved 
in several ways. The peaks produced by the local arm did not seem to 
correspond with any features on the observed profile. In fact, the only 
peaks which could be contributed to by the local arm were the peaks 
already associated with the Vela supernova remnant at 1~ = 264° and the 
Cygnus complex at ls%80°. The contribution from the tangents of a local 
arm must be such that they are obscured by these sources, if such an arm 
exists at all. Consequently, the local arm (arm 9) was moved inwards to a 
position slightly inside of the Sun's position. It is interesting to note 
that Cane (1977) also proposed such a positioning of the local arm to 
explain the high latitude behaviour of the 85MHz radio emission. The 
result of this is that the Sun lies in a compression region in the model. 
The tangential lines of sight for this arm were chosen so that they 
occurred in the region of lu = 80° and lu = 264 °. 
In model 1 the peak at llf = 310° is rather small, unlike in the 
observations. This is a result of the rather short section of arm that is 
tangential in this direction. With the aim of increasing this peak, the 
arm in question (arm 1) was modified to have a gentler curvature in this 
region. 
The final modification for model 2 was to reposition the tangential 
section of arm 4, to give a tangent at llt = 35°, somewhat further from the 
galactic centre than for model 1. The final digitised arm positions for 
model 2 are given in table 6.2 and the resulting spiral pattern is shown in 
figure 6.3. 
As the model had changes in the direction of the centre and anticentre, 
resulting from the repositioning of the local arm, the normalisation was 
expected to have changed. The normalisation procedure produced curves 
which intersected to give values for R~ and RATIO of 162.5kpc2 and 0.6807 
respectively. This latter ratio is equivalent to a value for F of 1.004. 
The resulting predicted longitude profile for these values is shown in 
figure 6.4. 
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Figure 6.11: Predicted longitude profile along the galactic plane for the 
modified magnetic field distribution in model 4. 
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Figure 6.19: Predicted longitude profile along the galactic plane for 
model 7. 
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Figure 6.2~ Isometric projections of the observed brightness temperatures 
(b) and those predicted by model 8 (a) for the region 1~ = 300° to 330°, 
bu = -10° to +10°. 
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Figure 6.31: 
model 9. 
Predicted longitude profile along the galactic plane for 
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Figure 6.36: Predicted longitude profile along the galactic plane for 
model 10. 
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Figure 7.1: Longitude distribution profile of gamma rays detected by SAS-2, 
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model III producing results compatible with the observations. 
(Higdon 1979) 
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Figure 7.12: Contour maps of gamma ray and radio emission within 20° of the 
galactic plane. (a) Distribution of 70MeV to 5GeV gamma rays from the 
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( Montmerle 1979) (b) Distribution fo 408MIIz continuum emission after the 
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288K are omitted. 
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Table 6.2 
I I 
I I ARMS FOR MODEL 2 
~----~----------------- ----------- -----------
1 111213 415 617 
I I I I I I 
~----~-----~-----~----- -----~----- -----~-----i c/>o i 4 5 I 31 5 i 2 2 5 1 3 5 i 2 85 1 3 5 j 1 80 
1 !J </> 3 60 3 60 1 3 60 3 60 1 1 95 7 5 1 1 80 
I I 
----- -----~----- -----~----- -----
4.00 4.001 4.00 4.00110.35 12.40 7.50 
4.05 4.001 4-051 4-05110.75 12.90 8.30 
4.10 4.001 4-251 4.25111.40113.65 9.10 
4-23 4.051 4.30 1 4.65112.00114.20 9.70 
4.40 4-25l 4-45 5.10112.60 114.80 9.90 
I 4.70 4.45l 4.65 5.55112.9016.95110.30 
5. 00 5. 00 : 5. 00 5. 85 : 13. 25 11 o. 60 
5-35 5.50l 5.40 6.00113-70 111.10 
5. 65 5. 90 : 5. 75 6. 1 5: 1 4. 05 11 1. 45 
6.00 6.35 1 6.05 6.40114.55 113.10 
R(cP) 6.35 6.85 6.45 6.85115.00 115.10 
6.651 7-45 6.80 7.25115.00 l15.45 
7.oo: 8.05 7.25 7.65115.60 116.12 
7.55l 8.60 7.75 8.10116.55 I 
8.05l 8.95 8.10 8.65l 
8.6ol 9.40 8.68 9.3ol 
9.3ol 9.85 9.45 9.sol 
1 o. 1 0 l1 o. 35 1 o. 22 1 o. 40 l 
1 o. 90 l1 o. 95 1 o. 68 11. 00 l 
11. 10 l1 2. 05 11. 45l11. 25l 
1 1. 60 113. 20 1 2. 1 0 l1 1. 40 1 
1 2. 40 l1 3. 50 1 2. 95l11. 651 
11 3. 10 l1 4. 10 1 3. 70 111. 90 l 
l14. 65l14. 65 1 4. 55l12. 05: 
: 1 6. 30 : 1 5 • 75 1 5. 55 : 1 2. 40 l 
I 
I 
-----1 
8 9 1 
! 
-----! 
45 60 : 
150 105 1 
I 
-----1 
1 o. 95 11 o. 35l 
1 1 . 06l1 o. 80 l 
11 . 30 11 o. 25l 
1 1. 80 l 9 • 85 1 
12.451 9.901 
12.8010.451 
1 3 • 20 1 1. 90 l 
1 4. 00 13. 20 l 
1 4. 50 1 
1 5. 40 l 
1 6. 35 l 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
It can be seen that the changes to the spiral pattern produced the 
required effects. The position of the local arm tangential direction at 
1~ = 266° is probably not the best that could have been obtained, but in 
general the effect of having the Sun in a spiral arm agrees quite well 
with the observed profile. Such a position for the Sun results in strong 
peaks of emission looking along the local arm, and it can be seen that with 
this model the emission is as strong as the Vela supernova and Cygnus 
complex sources. If the observed radio emission peaks in these directions 
are primarily due to these latter sources, as is generally accepted, this 
is strong evidence that the Sun does not lie in a local arm of as great a 
compression as the main arms of the Galaxy. 
83 
The rest of the predicted profile is a fairly good fit to the observed 
one. In the vicinity of l~ = 70° and 270° the emission can be seen to be 
higher than observed; again this is due to the effects of the local arm. 
The set of steps between l~ = 280° and 330° closely matched the 
observations¥ The left-hand side of the galactic profile it3 not as good a 
fit as the right. The main area of disagreement is in the central region, 
l~ = 330° to 30°. The nature of the predicted profile is that of a series 
of ramps, rising and falling more sharply from left to right. This is 
because, as the line of sight sweeps through the central region, arms end 
suddenly and hence produce sharp drops in the emission profile. These can 
be seen at 111' = 10°, 0° and 330°, corresponding to the ending of arms 4, 7 
and 3. The broad peak of emission between l~ = 20° and 10° is caused by 
the overlap of arms 1 and 4 in this region, the increase being due to the 
start of the contribution from arm 1 and the decrease due to the ending of 
arm 4. 
Thus the next stage in the development of the model was to improve the 
central area of the longitude profile. 
6. 3 Model 3 
According to spiral density wave theory (Lin & Shu 1964, 1966; Lin, Yuan 
& Shu 1969) it is expected that the spiral pattern terminates on the inner 
Lindblad resonance and that no prominent pattern lies within this ring. 
Also, the Lindblad resonance is expected to be a very turbulent region and 
arm formation in such a region is plausible. For our Galaxy this ring has 
been estimated to be at a radius of 3-4kpc from the centre, and has 
tentatively been identified with the 3kpc expanding ring seen in HI 
observations of the central portion of the Galaxy. If such a ring were 
included in the model of the Galaxy considered so far, then it would most 
naturally fit in if it were of radius 4kpc, corresponding to the maximum of 
the field distribution. This would also allow the spiral arms of the 
pattern· to emerge smoothly from it. The incorporation of such a ring 
would also provide for a much smoother variation in the emission for the 
central regions. The ring that was added was considered to be a full 
compression arm similar to the main spiral arms. 
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The second modification to model 2 was to reposition the portion of the 
local arm in the direction of l~ = 265° so that it coincided better with 
the Vela supernova source. The observed peak was not thought to be 
produced by the local arm, but the presence of a peak on either side of 
this source is obviously inconsistent with the observations. It may be 
that a reduced local arm contribution is obscured by the Vela source in 
the same direction. 
The resulting digitised positions for the arms of model 3 are given in 
table 6. 3, and the arm pattern produced is shown in figure 6. 5. 
Table 6. 3 
l ARMS FOR MODEL 3 l 
I I I 
~----~-----------------------------------------------------1 
I I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 I I I I I I I I I I I I 
I I I I I I I I I I 
~----~-----~-----~-----~-----l-----1----- -----~-----~-----1 
l <Po l 45 l 31 5 l 225 l 135 l 285 l 1 35 1 80 l 45 l 60 
l A ,J. I 3 60 l 3 60 l 3 60 l 3 60 l 1 95 l 75 1 80 l 1 50 l 1 05 
I T I I I I I I 
~---- -----~----- -----~-----~-----~----- -----~-----
: 4.00\ 4.00 4.00\ 4.00\10.35\12.40 7.50\10.95 10.35 
l 4.05\ 4.00 4.05\ 4.05\10.75\12.90 8.30 111.06 10.80 
l 4.10\ 4.00 4.25\ 4.25\11.40\13.65 9.10 11.30 10.25 
4.23\ 4.05 4.30\ 4.65\12.00 14.20 1 9.70 11.80 9.85 
4.40\ 4.25 4.45l 5.10\12.60 14.80 9.90 12.45 9.90 
4.70\ 4.45 4.65\ 5.55\12.90 16.95 10.30 12.80 10.60 
I 
I 
\R(~) 
I 
5.00\ 5.00 5.00 1 5.85\13.25 10.6013.2012.151 
5.35\5.50 5.40 6.00\13.70 11.10114.00 113.20\ 
5. 65l 5. 90 l 5. 75 6. 15\1 4. 05 11. 45\1 4. 50 l 
6.00\6.35\6.05 6.40\14.55 13.10\15.40 I 
6.35\ 6.85\ 6.45 6.85\15.00 15.10\16.35 
6.65\7.45\6.80 7.25\15.00 15.45l 
7.00\ 8.05\ 7.25 7.65\15.60 16.12\ 
7. 55l 8. 60 l 7. 75 8. 10\1 6. 55 l 
8. 05l 8. 95l 8. 10 8. 65l l 
8.60\ 9.40\ 8.68 9.30\ l 
9.30 1 9.85l 9.45 9.80\ l 
1 o. 1 0 1 o. 35\1 o. 22 1 o. 40 l l 
1 o. 90 1 o. 95\1 o. 68 11. 00 l l 
11. 1 0 1 2. 05\11. 45 11. 25\ l 
1 1. 60 13. 20 \1 2. 1 0 \1 1. 40 l i 
\1 2. 40 1 3. 50 \1 2. 95\11. 65 i i 
i 13. 1 0 1 4. 1 0 \1 3. 70 \1 1. 90 l l 
\1 4. 65 1 4. 65\1 4. 55\1 2. 05\ l 
\1 6. 30\1 5. 75\1 5. 55\1 2. 40 l l 
The field parameters for the model were obtained by the usual 
normalisation technique; the values for R~ and RATIO being 189.0kpc2 and 
0.7667 respectively. The predicted longitude profile at bx = Oo is given 
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Figure 6.5: Spiral arm pattern for model 3. 
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in figure 6. 6. 
From the figure it can now be seen that the fit on the right-hand side 
between longitudes 330° and 280° is very encouraging. The left-hand side 
is not as good. The predicted values are somewhat too high in the region 
lJJ: = 70° to 50°, and too low between l:Jr = 50° and 20°. The central 
regions, although exhibiting a smoother variation, still do not show the 
same variations as the observed profile. In particular, the plateau 
behind the peak at llt = 330° and the shoulder of the 4kpc ring at 
lJJ: = 335° do not seem to be present at all in the observed data. In fact, 
the emission seems to remain at a constant level from l:ll = 3'30° to 350°. 
The predicted shoulder from the 4kpc ring on the left-hand side also 
appears to be in the wrong place. A better fit would be obtained if it 
were moved over to l'lt = 30°. Finally, the central high values from 
ls = 355° to 15° are not predicted at all. 
6.4 Model 4 
As was seen from model 3, a 4kpc ring does not produce the right 
behaviour in the region ls = 30° to 325°. A better result would be 
expected if the ring was made larger, so that its tangent occurred at 
lu = 328°. But this would then produce an identical shoulder on the left-
hand side of the profile at ln = 32°, whereas a better position on this 
side would be around llf. = 25°. To be able to accommodate both these 
requirements and also have the ring still at about 4kpc from the centre in 
the l:Jr = 0° direction, it was decided to try an elliptical ring. An 
ellipse with semimajor and semiminor axes of 5kpc and 4kpc respectively 
was used, and this was positioned so that the tangential lines of sight on 
either side of the centre were at lx = 25° and l:!t = 330°. The underlying 
magnetic field distribution for the previous models had had circular 
symmetry. For model 4 it was taken to follow the elliptical form of the 
ring. The initial field distribution used was given by the expression: 
( 6. 1 ) 
where R is the radial distance in kpc from the galactic centre, and <$ is 
the angle in degrees measured clockwise about the galactic centre from the 
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Sun-centre line. This can be seen to be just a simple modification of the 
previous field distribution, and for large R it tends towards the original 
form. The endings of the spiral arms were adjusted to flow smoothly onto 
the elliptical ring, and the resulting digitised arm positions are given 
in table 6. 4. 
I 
I 
I 
Table 6.4 
ARMS FOR MODEL 4 
~---- ----------------- ----------- -----------------------------
1 1 2 1 3 4 1 5 6 7 8 1 9 10 
I I I I I I I I 
~---- -----~-----~----- -----~----- -----~-----~-----~-----~-----
1 ~0 3 30 1 31 5 1 1 50 120 1 285 1 35 1 1 80 1 45 l 60 l 90 l A~ 285 l 360 285 345 1 1 95 75 180 1 150 1 105 1 360 
I 
~---- -----~-----
1 4.731 4.94 4.73 5.00 10.35 12.40 
1 5. 05 1 5. 00 5. 05 5. 00 1 o. 75 1 2. ~ 
1 5-351 4-~ 5.40 5.09 11.40 13.65 i 5.651 4.85 5-75 5.30 12.00,14.20 
1 6.001 4.85 6.o51 5.6o 12.6o 14.80 
1 6.351 4-95 6.451 5.85 12.~ 16.95 
1 6.651 5.15 6.801 6.0013.25 
1 7. 001 5. 50 7. 25 1 6. 15 1 3. 70 
1 7-551 5-~ 7-751 6.40 14.05 
1 1 8.051 6.35 8.101 6.85 14.55 1R('f)1 8.601 6.851 8.801 7.25 15.001 
1 9.301 7-451 9.451 7.65 15.001 
110.101 8.05110.221 8.10115.601 
110. ~ 1 8. 6011 o. 681 8. 6511 6. 551 
11 1. 1 0 1 8. 95 11 0. 68 1 9 • 30 l 1 
111.6019-40111.4519-801 1 
112.401 9.85112.9510.401 1 
1 13. 1 0 1 1 o. 3511 3. 70 11. 00 1 1 
1 1 4. 65 1 1 o. 9511 4. 55 11. 251 l 
11 6. 30 11 2. 0511 5. 55 11. 401 
1 113. 20 1 1 1. 65 1 
1 113.501 11.~1 
1 114.101 12.051 
1 114.651 12.401 
1 11 5. 75 1 1 
I I I 
-----~-----~-----~-----
7. 50 11 o. 95 11 o. 35 1 4. 63 
8.30111.06110.8014.371 
9.10 111.30110.251 4.161 
9.70 11.801 9.851 4.03 
9-~ 12.451 9-~1 4.00 
10.3012.80110.601 4.07 
1 0. 60 13. 20 1 1 2. 1 5 1 4. 23 
11.10 14.00113.201 4.47 
11. 45 11 4. 50 l 1 4. 73 
13.10115.401 14-94 
1 5. 10 1 1 6. 35 1 1 5. 00 
11 5. 45 1 1 1 4. 87 11 6. 12 1 1 1 4 • 63 I 
1 1 1 4.371 
I 1 4. 161 
1 4. 031 
1 4.00 
1 4. 07 
1 4. 23 
1 4. 47 
1 4-73 
1 4. 94 
1 5. 00 
1 4. 87 
1 4. 63 
The resulting interpolated pattern is shown in figure 6. 7. The 
normalisation procedure gave values of R2 = 156.5kpc2 and RATIO = 0.6598. 0 
Figure 6.8 gives the predicted longitude profile produced from this 
model, and it can be seen that the central region is much better simulated. 
There is, however, a wide peak at l:u: = 15°, which does not match with the 
observations. It was determined that this peak was due to the complex 
congestion of arms and ring in this direction, in particular, to the 
joining of arm 3 with the elliptical ring. 
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Figure 6.7: Spiral arm pattern for model 4. 
Using this spiral arm pattern, the effect of having lower magnetic 
fields within the ring was investigated. The field distribution given by 
equation 6.1 is shown in figure 6. 9. A new field distribution, based on the 
Fermi function, was tried. This was given by the formula: 
( 6. 2) 
where: 
(6.3) 
This has a much steeper fall-off inside the ring, as can be seen from 
figure 6.1~ The normalisation curves produced with such a field 
distribution yield the intercept values R~ = 140.5kpc2 and RATIO = 0.6022. 
The resulting longitude profile is, in fact, a poorer fit than before 
(figure 6.11 ). This is because, to compensate for the lack of emission 
from the centre of the Galaxy, the emission at intermediate distances has 
to be increased. This results in a greater emission from the 1~ = 30° to 
90° and llt = 270° to 330° directions than is acceptable. 
A comparison of the emissivity variation along several lines of sight 
for the two field distributions is shown in figures 6. 12 and 6.13. 
6. 5 Model 5 
As an aside from the main refinement of the galactic model, the next 
investigation considered the effect of a 5kpc ring instead of the 4kpc 
ring used earlier. The field distribution for this model was taken to be: 
(6. 4) 
It was also decided to omit the partial arm 7, which starts at cp = 180° on 
the far side of the Galaxy. The evidence for this arm is based on 
Verschuur's interpretations of HI data (Verschuur 1973). The actual 
portion of the arm proposed by Verschuur lies between <? = 10° and 1 05°, 
the rest of the arm was just an extrapolation of this section. This arm 
does not actually contribute any major features to the model, as it never 
becomes tangential to a line of sight. However, the overall effect of its 
removal is to reduce the brightness over the left-hand side of the 
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Figure 6.9: Underlying magnetic field distribution used with the 
elliptical ring of model 4 for various angles measured from the Sun-centre 
line. 
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Figure 6.13: Emissivity variation along several lines of sight for the 
modified magnetic field distribution used with model 4. The upper curve 
is the component due to the irregular field, the lower curve is due to the 
regular field. 
longitude profile. This, as can be seen from the previous models, should 
produce a better fit, the left-hand side usually being relatively too high 
when compared with the right. 
The digitised positions of the arms for model 5 IHR given in table 6. 5; 
Table 6. 5 
----------------------------------------------------------ARMS FOR MODEL 5 
----------------- -----------------
2 I 3 I 4 5 I 6 I 8 g 10 I I I I 
. I I I I 
-----~-----~----- -----~-----~-----
cf:>. 330 240 I 150 I 75 285 I 1 35 I 45 60 go I I I I 
285 285 285 300 1 g5 I 75 I 1 50 1 05 360 !Jc/1 I I 
-----~-----
I 5. 00 5. 00 5. 00 5.00 10.35 12.40l1o.gs 1 o. 35 ~-00 
I 5. 10 50 15 5. 10 5. 10 11 o. 75 1 2. 90 111. 06 1 o. 80 S:oo I 
I 5.35 5.50 5. 40 5.40111.40 13.65111.30 10.251 ~·00 I 
I 5. 65 5. 90 5. 75 5. 80 11 2. 00 1 4. 20 111. 80 g. 85 $'.()() I 
I 6. 00 6. 351 6. 05 6.15112.60 14.80 12.45 g. 90 &'"· O<l I 
I 6.35 6. 45 1 o. 60 I 6. 85 6 • 40 1 1 2 • 90 1 6 • g5 1 2 • 80 ~-06 I 
I 6. 65 I 7.45 6. 80 6. 8511 3. 25 13. 20 1 2. 15 ~-00 I I I 
I 7. 00 8.05 7.25 7.25113.70 14. 00 13. 20 r-.oa I I I 
I 7.55 8.60 7. 75 7. 65 11 4. 05 14. 50 ~-00 I I I 
I 8.05 8. gs 8. 10 8. 10 1 4. 55 1 5. 40 s-.oo I I I I 
IR (tp) I 8. 60 g. 40 8. 80 8. 65 1 5. 00 1 6. 35 1 s.oo! 
I I g. 30 g. 85 g. 45 I g.30 15.00 I s-.oo I I I 
I 11 0. 10 1 o. 35 1 o. 221 g. 80 1 5. 601 s-: 00 I 
I 11 o. 90 1 o. gs 1 o. 6811 o. 40 1 6. 55 S"·OO I 
I 111.10 1 2. 05 1 o. 68111 • 00 s;.oo I 
I 11 1 • 60 1 3. 20 11 • 45111 • 25 S'·c:JO I 
I 12.40 13.50 12.g5111.40 5;".()0 I 
I 1 3. 10 1 4. 10 1 3. 70 111. 65 S'"·Q:l I 
I 1 4. 65 1 4. 65 1 4. 55111. 90 roo I 
I 1 6. 30 11 5. 75 1 5. 5511 2. 05 S':oo I 
I I 112.401 &"'·00 I I 
I I I I 
I I I I s-:c,o 
I I I I S"-oo I I I I I I ~·oo I I I I 
I I I I [".oo I I I I 
and the pattern generated from these is shown in figure 6.14. The values 
of R; and RATIO were 13g.Ok:pc2 and 0. 6186 respectively. 
The resulting longitude profile at b~ = 0° for this model is shown in 
figure 6.15. It can be seen that the fit to the observed profile for this 
model is quite good. The region 1~ = 280° to 350° matches the 
observations fairly well, though in places it is a little too high. The 
section from 1~ = 70° to 10° is higher than it should be, and the section 
between l:lt = 350° and 1 0° is, as usual, much lower than the observed 
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Figure 6.14: Spiral arm pattern for model 5. 
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emission. The central portion of the predicted profile displays a series 
of ramps which correspond to the spiral arms moving gradually into and 
joining the 5kpc ring. The peak caused by the edge of the 5kpc ring and 
the tangent to arm 4 is much too strong, as is the peak at 330°. 
6. 6 Model 6 
For model 6 the elliptical ring of model 4 was used again, as the 
evidence for a 5kpc arm is not present in the HI or HII data which both 
indicate an arm at 3-4kpc. The field distribution being given again by 
equation 6.1. As with model 5, arm 7 was removed, to bring down the left-
hand side emission in relation to the right. The pattern obtained is 
shown in figure 6.16, and the digitised values upon which it is based are 
given in table 6. 6. 
Up until this model the arm compression profile used had been based 
upon the variation predicted for the gas in density wave theory (Roberts 
& Yuan 1970). This is characterised by a sharp discontinuous increase in 
compression followed by an exponential relaxation. A variation of this 
type produces peaks that are very narrow and high in the emission 
profiles. However, the ridges of radio emission seen in other galaxies 
(e.g. M81, M51 ) seem to wander about a mean line so that the profile may be 
effectively broadened. Also, in the new four-phase model of the 
interstellar medium, the 'particles' which take part in the shock are the 
clouds rather than the atoms as in the two-phase model. Stochastic 
effects are, however, more important for clouds and this may well result in 
a less defined shock. 
For model 6, therefore, the effect of a softer compression profile was 
tested. For this the compression in the arms was taken to have a gaussian 
profile with a form given by the expression: 
(6. 5) 
where ~ .. is the compression ratio, CR is the maximum compression factor in 
an arm, and d,,. and d_1 are the distances in kpc to the nearest inner and 
outer arm respectively. The form used above means that the gaussian 
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Figure 6.16: Spiral arm pattern for model 6. 
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Table 6.6 
ARMS FOR MODEL 6 I I 
I 
----------------- -----------------------------------1 
2 : 3 4 : 5 : 6 : 8 : 9 : 10 : 
I I I I I I I 
330 -;~;-:-~;~- -~;~-~-;~;-:-~;;- --~;-:--6~-i--~~-~ 
285 360 : 285 345 : 1 95 : 75 1 50 I 1 05 ~ 360 : 
I I I I I 
-----~----- -----~-----~----- -----~-----1 
4-73 4-941 4-731 5.00\10.35112.40 10.95 10.35\ 4.631 
5.05 5.00\5.051 5.00\10.75 112.9011.0610.80\4.37\ 
5-35 4.90\5.40\ 5.09\11.4013.6511.3010.2514.161 
5.6514.8515-751 5.30112.0014.20111.80 9.85\4.03\ 
6.00 4.851 6.051 5.60\12.60 14.80112.451 9-901 4.00\ 
6.35 4-9516.451 5.85112.9016.95\12.8010.6014.07 
6. 65 5 • 1 5 6. 80 6 • 00 : 13. 25 : 13. 20 1 2. 1 5 : 4 . 23 
7.00 5.50 7.25 6.15\13.70 \14.00 13.20\ 4-47 
7. 55 5. 90 7. 75 6. 40: 1 4. 05 : 1 4. 50 : 4. 73 
8.05 6.35 8.10 6.85\14.55 \15.40 :4-94 
8. 60 1 6. 85 8. 80 7. 25 11 5. 00 : 1 6. 35 : 5. 00 
9. 30 7. 45 9. 45 7. 65 1 5. 00 : : 4. 87: 
10.10 8.05\10.22 8.1015.60 : : 4.63\ 
\10.9<) 8.60\10.681 8.65 16.55\ I : 4.37\ 
\11.10 8.95\10.6819.30 : I 4.161 
111.60 9.40111.451 9.80 I I 4.031 
112.40 9.85 12.9511o.4o I I 4.oo1 
~ 1 3. 10 11 0. 35 1 3. 70 ~ 11. 00 I ~ ~ 4 • 07 ~ 
114.6510.9514.55111.25 ~ I 4.231 
116.3012.0515.55111.40 I 4.471 
I 13- 20 I 11. 65 I 4. 73 I 
I 13.50 111.90 : 4.941 
I 1 4. 10 I 1 2. 05 I 5. 00 I 
I 14.651 112.40 I 4.871 
I 1 5. 75 I I I I 4 • 63 : 
parameter ~ is 1 /12kpc and thus the width of the anns is approximately 
0.5kpc. Also, as another refinement to the model, the value of the 
compression factor CR was not taken as a constant over all the Galaxy as 
had previously been assumed. Instead, CR was made to have the value 2.8 
within a galactic radius of 1 Okpc, and to decrease linearly down to zero 
between 10kpc and 15kpc. The value 2.8 was chosen so that the areas under 
the compression profiles of the shocked variation and gaussian variation 
were roughly the same. This value for CR gives a maximum compression of 5 
within an ann. 
With this model, the normalisation values R~ = 252.5kpc 2 and 
RATIO = 0.4850 were obtained. The predicted longitude profile is shown in 
figure 6.17. The fit to the observed profile is quite poor, though 
choosing a lower value for the normalisation temperature in the central 
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direction would have produced a marginally better fit. The main failing 
of the model is that the temperatures predicted for the longitudes 
intermediate between the centre and anticentre are much too high. The 
reason for this is, in order to have the correct temperature in the 
anticentre and with the lower arm compressions introduced in this 
direction, the fall-off of the magnetic field from the centre must be much 
gentler, as witnessed by the large value for R~. So the ratio of irregular 
to regular field must be made much larger to compensate for this (F = 1.2). 
The resulting evenness in the emissivity distribution means that the 
temperature does not decrease away from the centre as much as required. 
Hence, the steps in the profile are all too bright. 
As expected, a consequence of the new gaussian arm profile is that the 
tangential peaks are much lower and wider than previously. 
6. 7 Model 7 
To compensate for the lower strength of the arm compression outside a 
radius of 10kpc, as introduced in model 6, the local arm (10) was moved 
back to its original position of 0.5kpc outside the solar position. The 
form of this arm was taken to be identical to that used in model 1. The 
new digitised arm positions and the resulting spiral pattern are given in 
table 6.7 and figure 6.18 respectively. 
The gaussian-shaped arm profile was used again, though this time it was 
made twice as broad, having a ~ of 1 /6kpc and a value for CR of 1.98. At 
this point in the work it was realised that the method of calculating the 
total compression from two adjacent arms was not very realistic. Until 
then the compression had been taken as the sum of the individual 
compressions of the two arms. In most cases this gives perfectly 
reasonable results, because the arm separation is such that the two 
compression regions barely overlap. However, where two arms join 
together, the region of the join involves an overlap of both arm profiles, 
so the compression factor is essentially doubled. This leads to 'hot 
spots' at the joining of arms, and the bump seen at lx = 20° in previous 
models is a manifestation of this effect. From radio observations of 
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Table 6.7 
i l ARMS FOR MODEL 7 l 
~----~----------------------- -----------------------------1 
I I 1 I 2 I 3 I 4 5 \ 6 : 8 : 9 : 10 : I \ I \ I I I I ! I 
~----~--~--,-----~-----!----- -----:-----:-----i _____ i _____ j 
\ </Jo \ 330 \ 315 \ 1 50 \ 120 285 \ 135 \ 45 \ 45 \ 90 \ 
: !J...i. : 285 : 360 : 285 : 345 1 95 : 75 I 1 50 : 75 : 360 : 
I "f' I I I I I I I I 
~----~-----~-----~----- ----- -----~----- -----~-----~-----1 
: : 4-73\ 4-94\ 4-73 5.00 10.35 112.40 10.95\10.95\ 4.63\ 
: I 5.05\5.00\5.05 5.00\10.7512.9011.06\10.80\4.37\ 
: 5. 35: 4. 90: 5. 40 5. 09 \11. 40 13. 65 11. 30: 1 o. 30: 4. 16: 
: 5.65\ 4-85\ 5-75 5-30\12.0014.2011.80\10.50\ 4.03\ 
6.00\ 4.85\ 6.05 5.60\12.6014.8012.45 110.50\ 4.00\ 
6.35 1 4-95\ 6.45 5.85\12.9016.9512.8011.15\4.07\ 
6.65 5.15\ 6.80 6.00\13.25 113.20 12.80\ 4.23\ 
7 • 00 5 • 50 I 7 • 25 1 6 • 15 \1 3. 70 1 4. 00 : 4 • 47: 
7. 55 5. 90 7. 75 : 6. 40 \1 4. 05 1 4. 50 : 4. 73: 
8.05 6.35 8.10\6.85 114.55\ 15.40 :4-941 
1R(tp) 8.60 6.85 8.80\ 7.25 15.00\ 16.35 \ 5.00 
l I 9.30 7-45 9-451 7.65 15.ool l 4.87 
: 10.10 1 8.05 10.221 8.1015.60\ : 4.63 
: 10.90 8.6010.68\8.6516.55\ : 4.37 
\ 11.10 8.9510.68 1 9.30 : :4.16 
: 11.60 9.40111.45 9.80 l : 4.03 
I 12.40 9.85~12.95 10.40 i i 4.001 
13.1010.35113.7011.00 1 14.071 
1 4. 65 1 o. 95 :1 4. 55 11. 25 : 4. 23 : 
16.30 12.05\15.55 11.40 : 4-47\ 
13.20 l 11. 65 : 4. 73: 
1 3. 50: 11. 90 : 4. 94 : 
14.10\ 12.05 : 5.00\ 
14.65\ 112.40 : 4.87\ 
\15.75\ : : 4.63\ 
nearby galaxies there is no evidence to support the presence of such hot 
spots where arms fork into two, and so this effect is not reasonable to 
include in these galactic simulations. To remedy this, the compression 
factor at a particular point was taken to be the maximum of the 
compressions of the two individual adjacent arms. This means that moving 
between two adjacent arms the compression curve follows the outer envelope 
of the two overlapping profiles. It also means that at the joining of the 
two arms only the compression from one arm is experienced. The two arms 
thus appear to merge smoothly together into one. The compression ratio 
may now be expressed as: 
(6. 6) 
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Following normalisation R; and RATIO were determined to be 151kpc 2 and 
0.8085 respectively. The predicted longitude profile in the plane is 
given in figure 6.19. The bump at l~ = 20° has, as expected, been reduced 
significantly. The broadening of the arm profiles has also smoothed off 
the tangential peaks, producing a much gentler outline which fits in with 
the observations better. The peaks at 270° and 80° have now been shifted 
more towards the anticentre because of the repositioning of the local arm. 
The fit of the shoulders and the steps behind them is very good, and both 
left and right sides are now well fitted. The observed high region in the 
centre between 111: = 355° and 20° is still not simulated at all, and 
improvement has to be made here before the overall fit can be improved. 
The region in the observations at l:u: =250° is seen to be a minimum, and 
this is not evident in the predicted profile at all. In fact, because of 
the local arm, the temperature in this direction is greater than that of 
the anticentre, which does not follow what is actually seen. 
An impression of the distribution of emissivity throughout the 
galactic plane can be gained from figure 6.20, which gives an intensity map 
of the predicted emissivity. Darker regions on this map represent higher 
emissivity values. 
6.8 Model 8 
One feature of the central high portion of the observations that might 
be significant is that it is not symmetrically placed about the ltt = 0° 
direction. In fact, it is displaced to the left of centre, which is to be 
contrasted with the rest of the central observations in the region 
llC = 30° to 325° which, if anything, show a bias to the right. These facts 
could possibly be connected. One interesting proposal that could account 
for them would be the existence of a bar of higher emission, running from 
one side of the elliptical ring to the other. 
If such a bar were to ·lie near to the direction of the minor axis, then 
the geometry would be such that the angle subtended by the bar on the 
left-hand side of the centre would be greater than that on the right. The 
reverse of this is true, of course, for the elliptical ring itself. Such a 
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Figure 6.20: Grey-scale map of the emissivity distribution in the plane 
for model 7. 
configuration could thus possibly explain the observed features. 
To investigate this possibility, a bar was added to the model of the 
Galaxy used in the previous section and was placed at an angle of </> = 1 5° 
to the Sun-centre line. This bar was made to have a constant er11issior1 
profile along its length which was chosen such that it was the same as the 
emission profile of the ring joining the ends of the bar. The expression 
for the regular field strength in the bar was thus: 
~ ,_, : "• t ( I - ~p (- ···~~p (- .. '/.;)( f• -o) • ( ,_,...,( -l [ C '/8 • S 'J•])._p(-t'/Jt.')] (6.7) 
where c = cos( 1 23°~ t ), s = sin( 1 23°- <P ), and ee is the compression caused 
by the bar and is given by: 
(6.8) 
where a is the perpendicular distance to the bar measured in kiloparsecs. 
Another modification made to the previous model was to re-adjust the 
inner end of arm 4, so as to agree better with the distribution of HII 
sources in that region, as given by Georgelin & Georgelin (1976) (see 
figure 1.14). Also, because of the over-prediction of brightness in the 
1~ = 240° direction from the local arm, it was decided to truncate the arm 
just past the position of the Sun, thus eliminating the tangential portion 
of the arm from that side of the Galaxy. The resulting spiral arm 
positions are given in table 6.8 and figure 6.21. Note that the digitised 
positions for the bar are not included in table 6.8 as interpolation of 
such a bar is impossible using Chebyshev polynomials due to its 
multivalued nature. The presence of the bar was specifically catered for 
in the simulation program SYNP itself. 
The normalised values of R; = 154.5kpc2 and RATIO = 0.7820 were 
obtained the results of model 8 are shown in figure 6.22, which gives the 
longitude profile seen along the galactic plane. The fit to the 
observations is now generally quite good. In particular, the truncation 
of the local arm has achieved a much better result in the region 220° to 
260°. Significant differences are still seen between the predicted and 
observed temperatures in the region 1~ = 30° to 45°. The central bar has 
filled up the central portion as expected, but it has not produced a peak 
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Figure 6..21: Spiral arm pattern for model 8. 
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Table 6.8 
\ \ ARMS FOR MODEL 8 1 
I I I 
~----~-----------------------------------------------------1 
I I 1 I 2 I 3 I 4 I 5 I 6 I 8 I 9 I 10 I I I I I I I I I I I : 
I I I I I I I I I ! I 
~----~-----~-----~-----~-----,-----!-----l-----l-----~-----~ 
. 4>o \ 330 \ 31 5 l 1 50 1 1 20 1 285 1 1 35 1 45 1 55 1 90 1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
{j-L l 285 l 360 l 285 l 345 l 1 95 1 75 1 1 50 l 60 l 360 l 
'1" I I I I I I I I I 
---- -----~-----~-----~-----~-----~-----l-----l-----1-----l 
4.73\4.94\4.73 5.00\10.35\12.40\10.95\10.50\4.63\ 
5.05\5.00 5.05 4.95\10.75\12.90111.06\10.10\4.37 1 
5.35\4.90 5.40 4.90\11.40\13.65\11.30\9.95\4.16 
5.65\ 4.85 5.75 4.85\12.00\14.20 11.80 10.101 4.03 
6 • 00 l 4 • 85 6 • 05 4 . 95 \1 2 . 60 \1 4. 80 1 2 • 4 5 1 0. 85 l 4 . 00 
6.35\4.95 6.45 5.15 112.9016.9512.80 l 4.07 
6.65 5.15 6.80 5.5013.25 13.20 l 4.23 
7.00 5.50 7.25 5.90 13.70 14.00 l 4.47 
7.55 5.901 7.75 6.40 14.05 14.50 l 4.73 
8.05 6.35\ 8.10 6.85 14.55 15.40 l 4.941 
\R (tp) 
I 
I 
I 
I 
8.60 6.85\ 8.80 7.25 15.00 116.351 l 5.00\ 
9.30 7.45\ 9.45 7.65 15.00 l l 4.87\ 
10.10 8.05\10.22 8.1015.60 l l 4.63\ 
10.90 8.60\10.68 8.65 16.55 l l 4.37\ 
111.10 8.95\10.68 9.30 l l 4.16\ 
1 1. 60 9. 40 \1 1. 45 9. 80 l 4. 03 l 
1 2. 40 9. 85 \1 2. 95 1 o. 40 4. 00 l 
13.1010.35\13.70 11.00 4.07\ 
14. 65 1 o. 95\14. 55 111. 25 4. 231 
16.3012.05\15.55\11.40 4.47\ 
\13. 20 l \1 1. 65 4. 73 l 
\13.50\ \11.90 4.941 
\14.10\ \12.05 5.00\ 
\14.65\ \12.40 4.871 
\15.75\ l 4.631 
wide enough to the left-hand side to be entirely satisfactory. A feature 
which is produced by the model but which is not present in the 
observations is the peak at lx = 357°, produced by the bar on the far side 
of the Galaxy. 
Until now only the plane profile had been considered in the fit to the 
observations. With model 8 however, selected latitude profiles were taken 
to see how the model compared with the observations out of the plane. 
These profiles are shown in figures 6. 23 and 6. 24. The model uses the 
electron and magnetic field distributions of French, and it can be seen 
that, in general, the fit is still good. The profiles on the right-hand 
side of the Galaxy, 111: = 180° to 360°, all have a tendency to be lower than 
the observations near the plane, and higher at intermediate latitudes. 
The narrowing of the latitude distribution on this side of the Galaxy had 
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Figure 6.23: Predicted latitude profiles for model 8 at longitudes 180°, 
150°, 120°, 90°, 60° and 30°. 
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Figure 6.24: Predicted latitude profiles 
330°, 300°, 270°, 240° and 21 0°. 
for model 8 at longitudes 
been noticed before in chapter 4, the predicted emission does not show 
this effect. This could possibly be the result of the emission from the 
nearest arm on this side of the Galaxy, falling off much faster out of the 
plane than the equivalent portion of this arm on the left-hand side. This 
may be due to a tapering-off of the arm height the further one goes out 
along an arm. 
Contour maps of the predicted brightness temperatures for this model 
are shown in figures 6. 25 to 6. 27, and a grey-seale map of the emissivity 
distribution on the galactic plane is shown in figure 6.28. An isometric 
view of the predicted brightness temperature surface in the region 
l:lt = 300° to 330° can be compared with the observations in figure 6. 29. 
6.9 Model 9 
The model used in the previous section had an elliptical ring with a 
bar crossing it. Such structures are not seen in the observations of 
external galaxies. If a bar and spiral arms are present then the arms 
usually emerge from the ends of the bar. In model 9, therefore, it was 
decided to cut out two sections of the elliptical ring, but keep the bar 
through the centre. The ends of the spiral arms now ran smoothly on to 
short sections of the ring, which stopped at the ends of the bar. The 
modified arm positions and the resulting arm pattern are given in table 
6. 9 and figure 6. 30. The rest of the model was taken to be identical to 
that for model 8, .e..><ULfT ltJ. (4 <'--f"-4-1.-..... .tv-~ 1- t:J lo"""" ...... ~ h.,.,l.,-cJ. 
Normalisation produced values of R~ =139.5kpc 2 and RATIO = 0.7296, and 
using these values the predicted longitude profile obtained was as shown 
in figure 6.31. Removing the ring sections removed a peak from the left-
hand side of the profile that used to be in the direction l~ = 30°. The 
fit between l ll' = 30° and 4 5° is still quite poor. The fit between 
l~ = 10° and 1 5° is also poor, mainly because the end of the bar nearest to 
the Sun subtends too small an angle from the galactic centre. The rest of 
the profile, however, matches the observations quite well. The truncation 
of the local arm would perhaps be better if it were positioned a little 
further from the Sun, this would bring the dip seen now at l~= 230° round 
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Figure 6.25: Contour maps of predicted brightness temperatures for model 8 
at longitudes 90° to 60° and 60° to 30°, latitudes -10° to +1 0°. 
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Figure 6..26: Contour maps of predicted brightness temperatures for model 8 
at longitudes 30° to 0° and 360° to 330°, latitudes -10° to +1 0°. 
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Figure 6o27: Contour maps of predicted brightness temperatures for model 8 
at longitudes 330° to 300° and 300° to 270°, latitudes -10° to +1 0°. 
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Figure 6.2a Grey-scale map of the emissivity distribution in the plane 
for model 8. 
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Figure 6.30: Spiral arm pattern for model 9. 
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Table 6.9 
ARMS FOR MODEL 9 I I 
I 
----~----------------- ----------- -----------------------------1 
:1\2\3 4:5 6 : 8 : 9 : 10: 11 : 
i I I I I I I I 
----~-----,-----~----- -----~-~--- =~===1=-===~~~~--~--~--i 
¢0 : 330 : 31 5 : 1 50 120 : 285 1 35 
75 
45 1 55 : 1 5 . 1 95 j 
/J.~ : 285 I 360 : 285 345 : 1 95 150 I 60 : 75 90 : 
I I 
---- ----- -----~----- -----~-----
4.73 4.94\4-73 5.00\10.3512.4010.95 
5.05 5.00\5.05 4-9510.75\12.9011.06 
1 5 • 35 4 • 90 1 5 • 40 I 4 • 90 11. 40 113. 65 11. 30 
: 5.65 4.85\ 5-75 4.8512.00114.2011.80 
: 6 • 00 1 4 • 85 1 6 • 05 4 • 95 1 2 • 60 11 4 • 80 1 2 • 4 5 
1 6. 35 4. 95 1 6. 45 5. 15 1 2. 90: 1 6. 95 1 2. 80 
: 6. 65 5. 1 5 6. 80 5. 50 1 3. 251 13. 20 
: 7. 00 5. 50 7. 25 5. 90 1 3. 70 1 1 4. 00 
1 7. 55 5. 90 7. 75 6. 40 1 4. 05 1 4. 50 
I I 
-----~-----
10.50\ 4.07 4.07 
1 0. 1 0 : 4. 23 4 • 23 
9-951 4-47 4.47 
1 o. 1 0 1 4. 73 4. 73 
1 o. 85 1 4. 94 4. 94 
: 5.001 5.00 
: : 4. 95 
I I 
I I 
I I 
I I 
: 1 8.05 6.35 8.10 6.85 114.55 15.401 I I 
1 R(~)1 8.60 6.85 8.80 7.25 15.00 116.35 
: 9.30 7-45 9-45 7.65 15.00 
:1 0. 10 8. 05 1 o. 22 8. 10 1 5. 60 
110.90 8.6010.68 8.6516.55 
11.10 8.95 10.68 9.30 
11 • 60 9 • 40 111 • 45 1 9 • 80 
12.40 9.85\12.95110.40 
1 3. 10 1 o. 35 11 3. 70: 11 • 00 
1 4. 65 1 o. 95 1 4. 55111. 25 
1 6. 30 1 2. 05 1 5. 55111 . 40 
: 13. 20 : 11 • 65 
11 3. 50 : 1 1. 90 
: 1 4. 1 0 : 1 2 • 05 1 
: 1 4. 65 : 1 2. 40 1 
11 5. 75 : 1 
I 
I 
I 
I 
I 
I 
I 
I 
to 235°, where it would fit the data better. The emissivity distribution 
in the plane is shown in figure 6.32. Selected latitude profiles are given 
in figures 6. 33 and 6. 34. 
6.10 Model 1 0 
For this final model, several small modifications were made, to try to 
improve yet further the good fit obtained with model 9. It was seen in the 
last section that extending the local arm might produce a better result in 
the ltt = 250° region, so in model 1 0 the arm was extended by about a 
kiloparsec. Also from the last model it was seen that it would be much 
better if the bar on the left side of the Galaxy subtended a larger angle 
from the centre. However, moving the whole bar round would not be 
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Figure 6.32: Grey-scale map 
for model 9. 
of the emissivity distribution in 
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Figure 6.34: Predicted latitude profiles 
330°, 300°, 270°, 240° and 210°. 
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for model 9 at longitudes 
suitable, as this would also increase the angle on the right, which is not 
desirable. So, to solve this problem, the nearest part of the bar was 
moved round but the furthest part was kept as it was. The resulting bar is 
thus 'kinked' in the centre. One final addition to the pattern was made, in 
the form of a short 'feather' arm emerging from arm 3. This was an attempt 
to fill up the obvious deficit in the predicted values in the region 
l~ = 30° to 40°. The resulting arm values and pattern are given in table 
6. 1 0 and figure 6. 35. 
Table 6. 10 
ARMS FOR MODEL 1 0 
----------------------------- -----------------------------
2 I 3 4 5 6 I 8 I 9 10 I 1 1 12 I I I I 
I I I I I I I I 
-----~-----~-----~----- -----~-----~-----~-----~-----
<Po 330 315 I 150 I 1 20 I 285 1 35 I 45 I 65 I 30 I 1 95 90 I I I I I I 
Ac/1 285 360 
I 285 I 345 I 1 95 75 I 1 50 I 75 I 90 90 60 I I I I I I I I I I 
-----~-----~-----~----- -----~-----~-----
4. 73 4. 94 I 4. 73 I 5. oo I 1 o. 35 1 2. 4o 1 o. 95 I 1 o. 15 I 4.00 4. 07 6.05 
5. 05 5. oo I 5. 05 I 4. 95 I 1 o. 75 1 2. <:P 11 • o6 I 1 o. 35 4.07 4. 23 6. 15 
5. 35 4.<:PI 5. 40 I 4. <;P 111.40 1 3. 65 1 1. 3o I 1 o. o5 4. 23 4.47 6.25 
5. 65 4. 85 I 5. 75 I 4 • 85 I 1 2. oo 1 4. 20 1 1 • 80 I 9. 95 4. 47·1 4. 731 6.45 
6. 00 4. 85 I 6. 05 I 4.95 12.60 14.80 12.45 10.25 4. 73 I 4. 94 I 6. 60 
6.35 4. 95 I 6.451 5. 1 5 1 2. <;P 1 6. 95 12. 80 11. 30 4. 94 I 5.001 I 
6. 65 5, 15 I 6. 80 I 5. 50 13.25 13. 20 5.001 4. 95 I 
7. 00 5. 50 7.251 5. <;P 13.701 14.00 I I I I 
7. 55 5. <;P 1. 75 I 6. 40 14. o5 I 14. 50 I I I I 
8.05 6.35 8. 10 I 6. 85 14. 55 I 15.40 I I I I I 
R (</>) 8. 601 6. 85 8. 80 I 1. 25 1 5. oo I 16.351 I I I I 
9.30 7. 45 9.45 1 1. 65 1 5. oo I I I I I I I 
1 o. 10 8. 0511 o. 22 8.1015.601 I I I I I I 
1 o. <;P 8.6516.551 I I I 8.60 10.68 I I 
11 • 1 0 8. 95 1 o. 68 9.30 I I I I I I 
11. 60 9. 40 11. 45 9. 801 I I I I I I 
12.40 9. 85 12.95 1 o. 40 I I I I I I I 
1 3. 1 o 1 o. 35 1 3. 10 11 . oo I I I I I I I 
1 4. 65 1 o. 95 1 4. 55 11. 25 I I I I I I I 
116.30 12.05 15.55 11. 40 I I I I I 
11.65 I I I I 13,20 I I 
I 13.50 111.<:PI I I I I I 
I 1 4. 10 I 12.05 I I I . I I I 
I 14. 65 1 112.401 I I I I I 
I 1 5. 75 I I I I I I I I I I 
The normalisation curves gave the values R; =139kpc 2 and RATIO = 0. 7322. 
The resulting longitude profile at bli' = 0° is shown in figure 6.36. As can 
be seen the measures taken to improve the fit of model 9 have been 
successful in some cases, but not in others. The adjustment of the local 
arm has produced the required effect, but the moving round of the nearest 
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Figure 6.35: Spiral arm pattern for model 1 0. 
portion of the bar has not been totally effective. Because the angle 
between the lines of sight to the bar and the bar itself have been 
increased, the lines of sight have shorter path lengths through the bar, 
thus reducing the total contribution to the temperature. So, while the 
width of the feature caused by the bar is now much more like the 
observations, the profile in this region is now too low. 
The addition of the 'feather' arm has been partially successful too. It 
has produced a peak as required, but the dip between it and the next inner 
tangent is too great. The rest of the profile is as before with model 9. 
The grey-scale map of the emissivity distribution in the plane for 
model 10 is shown in figure 6.37. The latitude profiles predicted out of 
the plane of the Galaxy are given in figures 6.38, 6.39 and 6.40, and some 
predicted contour maps for the region \b 11'1 < 1 0° are shown in figures 6. 41 
to 6. 43 ( cf. figures 4. 2 to 4. 5 ). Extended latitude cuts are given in 
figures 6.44 and 6.45 for some selected longitudes. Looking in detail at 
the latitude profiles, it can be seen that the l::st = 180° profile is a 
reasonable fit to the data, but that the 150° and 120° profiles are too 
low. This region has been recognised by others (Sofue & To sa 1974) to 
have an unusually high and broad latitude distribution for the observed 
radio emission. With the 1-u: = 90° profile there can be no comparison with 
the observations for bs > 0°, because of the presence of the Cygnus 
complex; however, the region between b'lt = 0° and -6° is noticeably higher 
than is actually observed. The 1'11'. = 60° profile does not predict the 
correct shape for the central peak, though the fit at in termed ia te 
latitudes is not bad. At 1~ = 50° and 40° the fit is quite good, though 
the observations at 40° seem to display a double structure to the central 
peak which.is not present in the model. The profile at 30° matches that of 
the observations quite well, though no comparison can be made on the north 
side because of the effects of the North Polar Spur. The cuts at lx = 20°, 
10°, 0°, 350°, 340° and 330° all match the data well; there is, however, a 
tendency for the observed central peak to be slightly narrower at its base 
than is predicted. The profiles for l'lt = 320°, 310° and 300° display this 
latter effect much more markedly. Again, this is another manifestation of 
the feature seen in the contour maps, where the ridge thickness behaves in 
quite a different way on the right-hand side of the Galaxy compared with 
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Figure 6.37: Grey-scale map of the emissivity distribution in the plane 
for model 10. 
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Figure 6..38: Predicted latitude profiles for model 10 over :blt 
longitudes 180°, 150°, 120°, 90°, 60° and 50°. 
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Figure 6.39: Predicted latitude profiles for model 10 over ib:u-
longitudes 40°, 30°, 20°, 10°, 0°, 350°, 340° and 330°. 
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Figure 6.40: Predicted latitude profiles for model 10 over :b"lt 
longitudes 320°, 310°, 300°, 270°, 240° and 210°. 
< 1 0°, at 
Figure 6.41: Contour maps of predicted bri~?;htness temperatures for 
model 10, at longitudes 90° to 60° and 60° to 30°, latitudes -10° to +10°. 
:IH~:'" ............... ~- ...... _ ·, "'I"; 0. l.. 30. -10. I 10. 
Figure 6o42: Contour maps of predicted brightness temperatures for 
model 10, at longitudes 30° to 0° and 360° to 330°, latitudes -10° to +10°. 
Figure 6.43: Contour maps of predicted brightness temperatures for 
model 10, at longitudes 330° to 300° and 300° to 270°, latitudes -10° to 
+1 0°. 
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Figure 6..44: Predicted latitude profiles for model 10 over ibn 
longitudes 180°,60°,50°,40°,30°,20° and 10°. 
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Figure 6.45: Predicted latitude profiles for model 10 over lblt 
longitudes 0°, 350°, 340°, 330°, 320°, 310° and 300°. 
< 60°, at 
the left. What seems to be needed is for the arm height to taper off the 
further along an arm one goes. The fit at 1 n: = 270° is poor, but the 
observations here are very much affected by the Vela supernova remnant. 
At lu = 240° the fit is quite good. 
The pole temperatures predicted using this model are 17K, which is to 
be compared with the 20K required by the observations. This apparent 
deficit is quite disturbing, especially as the model correctly predicts 
the temperatures near the plane. Also, at 150MHz, this model produces the 
correct pole temperatures as well as those of the plane. This must thus 
imply that the radio spectral index at the poles is not the same as that in 
the plane. In fact, if the temperature spectral index is taken to be -2.8 
in the plane, then the index needed to obtain a fit to the pole 
temperatures is -2. 6. 
A second run with this model was tried with an electron z-distribution 
of the same form as before, but where the scale height was kept constant 
over the whole Galaxy, rather than increasing towards the outer regions. 
The scale height was chosen to be half that normally present at the Sun, 
that is, a value of w=O. 5 was used in equation 5. 6. The resulting latitude 
profiles are shown in figures 6.46 and 6.47. The resulting pole 
temperature is now 11.68K, which means that all the high-latitu~e 
predictions are poor. However, the predicted profiles of the central 
ridge are somewhat improved. Directions in which this is especially 
noticeable are 1~ = 60°, 320°, 310° and 300°, which supports the previous 
suggestion that thinner arms in the outer regions of the Galaxy are 
required to produce a better match to the data. 
6. 11 Summary 
Through the development of models 1 to 10, as described in this chapter, 
there has been a step-by-step refinement of the details of the general 
galactic model proposed by French. In addition, an attempt has been made 
to try to simulate the emission observed from the central regions, and in 
particular the investigation of ring and/or bar structures has shown the 
feasibility of such objects. 
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Figure 6o46: Predicted latitude profiles for lblt l < 60° using the revised 
electron distribution with model 10, at longitudes 180°, 60°, 50°, 40°, 30°, 
20° and 10°. 
i 
i 
i 
,..L 
i 
... , 
I 
4~ 
:t ~ i 
""'LJI, ; ,,. j 
. --- . ~ I : I .,, : J 
... ... 
, .. 
... 
... 
... 
"" 
.. 
... 
"" 
... 
,., 
,. 
... 
... .. 
" 
... 
:t 
... 
.. I 
... 
... 
,., 
,., 
.. 
:w 
.. 
. ..
! ... 
~ ,.. ;; 
a 
.. 
! 
... l i 
i 
.. 
,,. 
'"' 
.. r 
I 
... 
,. ;::::[ ~~-:..__-~,...----=·. ;;;::···==·· ·:::=··--··=··· I 
-» 20 <4 
....... rrn.a <a!CII!ID 
Figure 6.47: Predicted latitude profiles for :bn: < 60° using the revised 
electron distribution with model 10, at longitudes 0°, 350°, 340°, 330°, 
320°, 310° and 300°. 
The profile obtained with the final model is in many ways still 
deficient, but the improvement over the original model is quite 
significant. Further tuning of the model could undoubtedly improve on the 
fit obtained. In particular, extending the 'feather' introduced in model 
i 0 should fill out the remaining dip in the profile, and possibly this 
'feather' could connect right round to the partial arm. Also, a smoothing-
off of the join between the bar and the spiral arms would go a long way 
towards eliminating the remaining discrepancies in the centre of the 
longitude profile. 
Out of the plane, the fluted, thick-disc halo, preferred by French, 
still produces very good agreement with the observations. However, it 
fails to explain the narrowing of the ridge on the right of the galactic 
centre. It has been shown that a reduction of the arm height in this 
direction produces favourable results. 
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CHAPrER 7 
COMPARISON WITli GAr·U·1A 
The observations of diffuse galactic gamma rays can provide useful 
information about the relationships between the various constituents of 
the Galaxy when examined in conjunction with the observations of radio 
synchrotron emission from the Galaxy. This chapter presents a review of 
previous work in this field, and gives an account of a new comparison of 
the most up-to-date all-sky surveys of these two components. 
7.1 The Gamma Ray Observations 
The first measurements indicating the presence of a flux of gamma rays, 
of energies greater than 100Me~ were those from the experiments on board 
the Explorer 11 and OS0-3 spacecraft (Kraushaar & Clark 1962; Kraushaar 
et al. 1965; Kraushaar et al. 1972). The observations of OS0-3 also gave 
the first indications that there was an enhanced flux of gamma rays from 
the galactic disc, and in particular that the flux was more pronounced 
towards the galactic centre. The angular resolution of this detector was 
quite poor, FWHM 24 °, and so little detail was discernible. 
The SAS-2 satellite, launched in 1972, produced a much more detailed 
picture of the high energy gamma ray distribution, its resolution being 
2.5° FWHM at 100MeV (Fichtel et al. 1975). The resulting longitude 
distribution averaged over bu. = -t1 0° is shown in figure 7.1. The 
enhanced flux towards the galactic centre can be seen readily, though now 
it is apparent that the intensity remains relatively constant over the 
range 320° < l Jr < 40°. The peaks caused by the Crab and Vela supernova 
remnants are also noticeable. The latitude variation of gamma rays is 
given in figure 7. 2, where the data have been summed over the longitude 
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range 330° < l 'IX < 30°. The profiles obtained by SAS-2 were based upon 
about 8000 gamma rays, and so they have rather low statistical accuracy. 
The latest experimental observations of the diffuse gamma rays from the 
Galaxy come from the measurements made by the COS-B satellite. This has a 
resolution varying from 7° FWHM for 70MeV gamma rays, to 2° FWHM at 5GeV. 
The COS-B experiment has been running for much longer than the previous 
ones and the profiles obtained (figures 7.3 and 7.4), are based upon about 
64000 photons. Because of this very much larger sample, it has also been 
possible to produce the first gamma ray distribution map of the Galaxy 
(figure 7.12a). The most up-to-date information from the COS-B experiment 
is given by Mayer-Hasselwander et al. (1982) which is based on a total of 
83,232 events. The new distributions presented by them differ only in 
detail from those given in figures 7.3 and 7.4; the most significant 
difference being that the sharp minimum at l~ = 60° in the plane profile 
has been filled in. The work with COS-B is still proceeding, and more 
accurate maps, based upon still larger photon counts, are expected. 
7. 2 Production Mechanisms 
For the energy range of interest in the previous section, that is for 
energies greater than 100MeV, there are thought to be three important 
mechanisms for the production of gamma rays in the Galaxy. These are the 
processes of neutral pion decay, Bremsstrahlung radiation and the inverse 
Compton effect. A brief description of each of these mechanisms, and its 
relative importance, is given below. 
7. 2. 1 Pion decay 
Neutral pions are produced from collisions of high energy cosmic ray 
nuclei with the atoms and molecules of the interstellar gas. These pions 
then decay to yield two gamma rays. Each of these gamma rays thus has half 
the energy of the neutral pion, m.,.o c2 /2 <:t 68Me V, measured in the pion's rest 
frame. 
Most of the pion production is a result of energetic cosmic ray protons 
colliding with hydrogen nuclei in neutral hydrogen or molecular hydrogen 
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gas. The pions may be produced via intermediate modes, one such reaction 
chain being: 
i 
I 
I 
I 
------> other modes 
> N*+ p + p -- p + ------> other modes 
I 
I 
I I 
I -2.3 I 
--~0.:.-~> A+ K+ 
I 
I -8 
------> other modes 
--~.:,~-) iT"'" + .,.,-o 
I 
I 
I 
I -IE. 
10 s v 
------> 2 6 
More typically the intermediate non-strange isobar decays directly into a 
proton and a number of mesons: 
p + p --> p + p + + 
Some other important modes are: 
p + p --> p + n + 11'+ + x2 ( ,. .. + -,r-) + y2-,r0 
p + p 
--> n + n + 2-n""'" + x3 ( "Tf~ + -rr-) + Y 3 'Tfo 
p + p --> d + ;r+ + x4 ( ..,."'" + ..,.-) + y4-rr .. 
The resulting differential spectrum for the gamma rays produced ~ro,., a 
single 11'6 energy E..,.. is (Stecker 1 971 ): 
f(E 1E ) = (E_2 _ m_2c4 )-1 /2 
.. 1 ,.. " " 
0 
E .... /2 ( 1 -(3) < E)' < E,../2 ( 1 + ~,,) (7. 1 ) 
elsewhere 
where E...- and E 'f are the energies of the -rr" particle and gamma ray 
respectively, f'~ is the velocity of the pion measured relative to the 
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speed of light, and m'IT' is the rest mass of the pion. The gamma ray 
emissivity q(Ep.::_) at position _:. produced from collisions of cosmic rays 
with the interstellar gas nuclei is given by: 
,.,("' ... ', _ ~~-\~ (_\r~ (r.~ _\1,00_/E 1i'. \ 11~ 2 2A\1 /'? ,,., ,~ , __ , 
'1.\..,g•.:::_;- ... -..Luj\_:ljJk\-"'k•...:.;J.:::o\ ,.,~kJf\l!i-n' -m,."; u.r...,. u~ i_i.<::.) 
j.k ff( . 
...... 
where jk(Ek•E) is the differential intensity of cosmic ray nuclei of type 
k, nj(_:) is the density of gas nuclei of type j, a-(E"" ,E1c) is the 
interaction cross-section, and 
(7. 3) 
The differential intensity of gamma rays seen at the Earth is thus: 
.. 
j(Et) • 1 /4"J q(E1 ,2:) dr 
0 
(7. 4) 
The major contribution to 100MeV neutral pion production is from protons 
in the energy range 1 to 3Ge V. 
7. 2. 2 Bremsstrahlung radiation 
Bremsstrahlung radiation results from the acceleration experienced by 
a moving charged particle when deflected by the coulomb fields of an 
atomic nucleus. In interstellar space this occurs when energetic cosmic 
rays move through the interstellar gas. 
The differential cross-section for the emission of a photon of energy 
E 'I in dEy from an electron of energy E0 and mass m0 by this process is 
(Hei tler 1 954 ): 
(7. 5) 
where f(E'I,E0 ) is a slowly varying function of energy and 
(7. 6) 
For the highly relativistic case of E >> m c2 and distant collisions, the 0 0 
cross-section can be well approximated by (Stecker 1 971 ): 
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(7. 7) 
where m is the mass of the target atom in grams, Z is the atomic number and 
X0 (g cm-
2 ) is the radiation length for electrons emitting by 
Bremsstrahlung in Ghe medium. 
The gamma ray differential emissivity is thus given by : 
"" 
q(E,.,_::) = 4,.1 n(_::) j(E,_::) o-(E:t,E) dE 
Et 
(7. 8) 
where n(_E) is the gas density in hydrogen atoms per unit volume, and j(E,~) 
is the differential energy intensity. Stecker (1971) showed that for the 
interstellar medium, where m = 1.4MH and X0 = 65gcm-
2 the emissivity is: 
DO 
q(Et,_::) = 4.35x1 o-2 5 n(_E) l j(E,_::)/E)' dE 
ft 
(7. 9) 
Thus if j(E,~) has a power law spectrum, then q(E,-,~) will also follow a 
power law with the same spectral index. 
7. 2. 3 Inverse Compton scattering 
High energy electrons scattering off low energy photons can impart a 
significant fraction of their energy to the photons. This effect is known 
as the inverse Compton effect. To produce 100MeV gamma ray photons from 
the field of starlight photons by such a mechanism, the incident electrons 
must have energies of the order of 3GeV. Two additional background photon 
fields may also be important for the production of gamma rays from the 
Galaxy: those of the far infra-red and the 3K black-body radiation. The 
required electron energies for gamma ray production (> 100MeV) for these 
being 30Ge V and 1 OOGe V respectively. 
The gamma ray emissivity for such a process is: 
(7. 10) 
where nph(E,~) is the photon density per unit energy, o-\Ey,E,Ee) is the 
differential cross-section for a single electron of energy Ee scattering 
from a photon of energy E to give a photon of energy E,., and j(Ee•_::) is the 
isotropic differential electron density. 
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A useful solution to equation 7.10 can be found if an isotropic photon 
field of only one particular photon energy is assumed (Worrall 1977). 
Then, with a power law electron spectrum, 
( 7. 11 ) 
the emissivity is: 
(7. 12) 
where crT is the Thompson cross-section, and E is the initial energy of the 
photons. 
For the case where the initial photon field possesses a black-body 
distribution, and the electron spectrum is a power law, the gamma ray 
emissivity has been shown by Ginzburg & Syrovatskii (1964) to be given by 
equation 7.12 above, but multiplied by a constant, dependent only on the 
electron spectral index r . 
7.2.4 Relative importance of production mechanisms 
The three mechanisms outlined above are thought to be the main ones for 
producing high energy gamma rays in our Galaxy. The production in the 
plane is thought to be dominated by neutral pion decay (Worrall 1977), 
producing an estimated 66% of the gamma rays greater than 100MeV. The 
most detailed calculations are those of Stecker (1970) and Cavallo & Gould 
(1971 ), whose results agree quite well with each other. Both used cross-
sections and multiplicity functions based on measurements from 
accelerator experiments. Bremsstrahlung radiation is estimated to 
contribute 26% of the gamma rays, though uncertainties in the interstellar 
electron density of a factor of two or more make the estimates vary 
considerably. Finally, the inverse Compton effect is estimated to 
contribute only 8% to the total emissivity in the plane. There, the 
contributions from the starlight and far-infra-red photon fields dominate, 
but out of the plane the 3K background contribution is expected to be a 
major source of gamma rays. 
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Figure 7. 5 shows how the estimated contributions vary with energy. 
7.3 Previous Comparisons of Gamma Ray and Radio Distributions 
Jakel et al. (1 975) were among the first to use the gamma ray and radio 
synchrotron distributions together to test the validity of various 
proposed empirical and theoretical relationships between the constituents 
of the Galaxy. Using the 150MHz data of Landecker & Wielebinski (1970) 
and the gamma ray data of SAS-2 (Fichtel et al. 1975) they investigated 
several models for the distribution of magnetic fields, electron density, 
hydrogen density and cosmic ray density within the Galaxy. In their 
simplest model they assumed a quasi-longitudinal magnetic field 
distribution (Thielheim & Langhoff 1968) given by: 
(7. 13) 
where k = 1. 6 and </J 0 = -11°. They also assumed a gaussian z variation 
for the electron density, such that: 
(7. 14) 
A similar distribution was assumed for the product of hydrogen and cosmic 
ray densities: 
(7. 1 5) 
By comparing the predicted gamma and synchrotron emission with the 
observations they found that the best fit was obtained with "' = 2 and 
p = 3. 
Using an improved model, in which the distributions of neutral hydrogen 
and molecular hydrogen were taken into account, and in which H2 ~ nHI was 
assumed, as required from a consideration of the equilibrium of the disc 
out of the plane, it was found that emissivity distributions could be 
obtained, consistent with the observations, for a model in which the 
electron density was taken to be proportional to the HI density, but not if 
it was taken to be a constant. 
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Figure 7.5: Variation with energy of the estimated contribution of neutral 
pion decay, Bremsstrahlung radiation and the inverse Compton effect to the 
production of high-energy gamma rays. (Worrall 1 977) 
A similar comparison of gamma ray and radio synchrotron distributions 
was made by Paul, Casse & Cesarsky (1976). The surveys used were the SAS-2 
data of Fichtel et al. ( 1 975) and the 150MHz all-sky survey of Landecker & 
Wielebinski ( 1 970 ). Paul et al. noted the similarity between the two 
longitude profiles (figure 7.6) and realised that. this could potentially 
provide information about the relationships between the magnetic field, 
gas density and cosmic rays in the Galaxy. As has been pointed out in 
section 1.5 however, there appears to be an error in the way Paul et al. 
derived their 1 50MHz averaged plane profile. The corrected profile is 
significantly different from the one they presented, showing a relatively 
greater peak in emission towards the galactic centre. 
To obtain an estimate of the actual non-thermal radio distribution, 
they subtracted off the estimated spur contributions of Loop III and the 
North Polar Spur (Berkhuijsen 1973, Berkhuijsen et al. 1971) and a rather 
excessive 150K uniform background contribution. A uniform diffuse 
background of 0.8x1 o-5cm-2 rad-1s-1was also subtracted from the gamma ray 
distribution to obtain the estimated galactic component. 
They assumed the gamma radiation to be purely from 'IT'0 -decay to give: 
where Et is the gamma ray emissivity per unit volume (E y > 1 OOMeV), Np is 
the proton and nuclear cosmic ray number density, p is the gas density and 
r is the associated production rate of gamma rays. 
The synchrotron emissivity, neglecting angular factors, was taken to be: 
€ ocK B(r +1 )/2 
s e 
(7. 17) 
where B is the field strength, and the differential energy spectrum of 
cosmic ray electrons is: 
N (E) = K E- r 
e e 
(7. 18) 
From the similarity between the longitude distributions of the gamma ray 
and synchrotron emission, they proposed that the following relation held 
in the galactic plane: 
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A comparison of the latitude distributions displayed differences between 
the two, however, and they took this to imply that the above relationship 
is not satisfied away from the 
Assuming the number of cosmic ray electrons to be proportional to the 
number of cosmic ray protons, equation 7.19 implied: 
(7. 20) 
Taking i' to be 3, the data thus suggested that: 
(7. 21 ) 
From radio continuum and 21 em observations of M31 (Pooley 1969, Guibert 
1974), they also proposed that: 
(7. 22) 
and hence that: 
(7. 23) 
Combining all these relationships together, they constructed a simple 
model for the Galaxy. Namely, that the relationship: 
(7.24) 
holds in a fluted disc of gas with a gaussian z-distribution of 200pc FWHM 
at the centre, increasing outwards. Outside this gas disc the field and 
cosmic rays were taken to be decoupled from the gas, having a gaussian 
distribution four times wider. In the plane, the matter was considered to 
be mainly concentrated in the spiral arms, which were taken to be 500pc 
thick and to follow the simple geometric form of Lin, Yuan & Shu ( 1 969 ). 
The arm density p(R) was taken to be a function of the galactic radius. 
They adjusted e(R) until the predicted synchrotron emission matched 
the observations. They then used the derived density distribution to 
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obtain the predicted gamma ray distribution. The predicted longitude 
profile proved to be a reasonably good fit to the observations; the 
predicted values for the local magnetic field and gas density being 
3 microgauss and 0.8 H atoms cm-3 (both are consistent with the results of 
I ~ .., ! ' \ 
o1:;ner ooserva1:;1ons). 
They thus concluded that the relationship given in equation 7.24 is a 
satisfactory model for the Galaxy, at least as far as the gamma ray and 
synchrotron distributions are concerned. Note, however, that the 
rationship they proposed in equation 7.22 is very questionable now, 
particularly as it does not take account of molecular hydrogen, which has 
an entirely different distribution from the HI in the Galaxy. 
Higdon (1979) investigated the radio synchrotron distribution at 
408MHz in conjunction with the gamma ray distribution found by SAS-2. The 
408MHz data was obtained from the surveys of Seeger et al. ( 1 965 ), Haslam 
et al. ( 1 970) and Haslam et al. ( 1 974 ), in the galactic plane, and from the 
404MHz survey of Pauliny-Toth & Shakeshaft (1962) for the regions out of 
the plane. The Seeger et al. survey is at quite low resolution being only 
---
2°x2°, but was the only survey of the central regions of the Galaxy 
available at the time. The surveys used only covered the left-hand side 
of the galactic plane, however reference was made to the survey by 
Komesaroff ( 1 966) for the region 282° < 11r < 356°. 
In calculating the synchrotron contribution, Higdon assumed a uniform 
background of 6K from extragalactic sources, but he made no attempt to 
take into account any thermal contribution there may have been from the 
galactic plane. 
The gamma ray data used was that obtained by SAS~2 (Fichtel et al. 
1975 ), and a diffuse extragalactic background of 1 x 1 o-5cm2s-1 sr-1 was 
assumed present in the data (Fichtel et al. 1978). Using smoothed 
longitude and latitude profiles for the synchrotron emission, Higdon 
evaluated the emissivity distribution throughout the Galaxy. He assumed 
the following simple model. Within a radius of 9.5kpc the galactic plane 
was divided unto concentric annuli 0.25kpc wide within which the emission 
was considered to be constant radially. Outside 9.5kpc the emissivity was 
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considered to fall off exponentially. Out of the plane the emissivity was 
assumed to fall off exponentially and within 6.5kpc a more complex fall-
off involving two exponential functions was used. 
The resulting emissivity distribution obtained had roughly constant 
emissivity out to 6. 5kpc and then a rapid decrease over the next 3kpc, 
finally ending in a slow exponential tail-off for R > 9.5kpc (figure 1.28). 
Out of the plane, the fall-off was best fitted by an exponential with a 
varying scale height (FWHM) of 10kpc at the centre to 7kpc at R=12kpc, and 
an additional exponential function of FWHM 0.4kpc for R < 6.5kpc. The 
resulting behaviour for different R values was given in figure 1.29. 
Using the radio emissivity distribution, he predicted the gamma ray 
distribution that should be seen. Higdon assumed that the gas in the 
Galaxy was mainly in the form of molecular hydrogen and that its 
distribution could be taken as proportional to the carbon monoxide 
content. However, arriving at the absolute values for the hydrogen 
density gives different results if carried out in different ways. He 
considered three different distributions for the molecular hydrogen in 
the Galaxy, each obtained by using a different method of normalising the 
H2 distribution to that of CO. In model I he assumed the lower limit 
estimate for the H2 column density between the Sun and the galactic 
centre, namely 2N(H 2 ) = 1.5x1o22 cm-2• This results in a local H2 density 
of 0.09cm-3. The second model (II) was based on the possibility that the 
CO/H2 ratio may vary with galactic radius. The relationship 
d log(CO/H2 )/dR = -0.09 was assumed, and a column density of 2x1022 cm-2 
was taken. This results in a local H2 density of 0.25cm-
2
. The final gas 
model, III, was derived by taking the column density of H2 to be the 
maximum estimated value of 5x1 o22 cm2• 
To obtain the cosmic ray distribution, he considered two extreme cases. 
In the first the cosmic ray intensity was taken to be constant throughout 
the Galaxy, and hence that the magnetic field varies according to the 
previously determined emissivity distribution. In the second case the 
field was taken to be constant throughout and the cosmic ray intensity 
follows the emissivity. 
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With gas models I and II he found that only a constant field 
distribution would fit the observed gamma ray distribution, and with model 
III some variation in both field and cosmic rays was needed. The range of 
field distributions for model III that produce results compatible with the 
observations is shO\ffi in ..p; ('1'11Y' 0 7 7 ......... b ......... '-' , .. i"' Thus if model TTT is used, the 
conclusions of Paul et al. ( 1 976) that F ac. B2 may still hold true. 
7.4 Comparison of COS-Band New 408MHz Data 
With the availability of the new 408MHz data of Haslam et al. ( 1 981 ), 
which provides a much more detailed survey of the sky than hitherto, and 
with the early results of the COS-B gamma ray satellite (Mayer-
Hasselwander et al. 1980 ), which are also much more accurate than the 
previous SAS-2 data, it was thought that a further comparison of the radio 
and gamma ray distributions might be instructive. 
The angular resolutions of the two surveys are not comparable, the 
radio data having a resolution of 51' and the gamma ray data one of roughly 
3. 5°. Thus, to be able to compare the two sets of results the radio data 
must be smoothed to a similar resolution to that of the gamma rays. The 
actual resolution of the COS-B instrument is a function of the energy of 
the incident gamma rays. The point spread function can be well 
approximated by a circular gaussian function at a particular energy, but 
whose FWHM varies with energy as shown in figure 7. 8. To obtain the 
effective point spread function for all gamma rays of energy greater than 
10CMeV, the gamma ray intensity spectrum, measured by COS-B (figure 7.9), 
was divided into ten energy ranges between 75MeV and 5GeV, each containing 
equal integrated fluxes. The mid-energy value for each range was then 
obtained, and the corresponding FWHM value found from figure 1. 8. These 
values are given in table 7.1. Ten gaussian functions with these FWHM 
were then added together with equal weight to obtain the composite point 
spread function. This was approximated by a sixth-order polynomial: 
(7. 25) 
where the coefficients a0 to a6 are given in table 7.2 and x is measured in 
radians. This function was then convolved with the 408MHz data to produce 
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Table 7. 1 
i Central energy i FWHM l 
l of decile (MeV) i (degrees) I 
~-----------------+----------! I I 
: 83 6. 40 : 
: 113 5. 30 : 
: 143 4-55 : 
: 174 4. 00 : 
: 212 3.60 : 
: 260 3. 30 : 
: 330 3. 00 : 
: 430 2. 75 : 
: 600 2. 50 : 
: 1090 2.25 : 
Table 7. 2 
Coefficients i Numerical value 
--------------+-----------------
ao : 2. 72383x1 o2 
a1 : 1 • 491 32x1 o3 
a2 i -5.81851x105 
a3 i 1 • 71 583 x1 0 7 
a4 : -2. 20779x1 o8 
a5 : 1 • 35857x1 o9 
a6 l -3.26761x109 
a smoothed distribution directly comparable with the gamma ray results. 
The two longitude profiles at b~ = 0° are shown in figure 7.10, and the 
latitude profiles, averaged over vario1.1s long:i. tude ranges, are shown in 
figure 7.11. Contour maps of the respective distributions near the plane 
are shown in figure 7.12. The normalisation of the two distributions is 
arbitrary, at 100K:: 1.25x1o-2 'on-axis' counts s-1 sr-1, however a 6K 
uniform background contribution was subtracted from the radio data, and an 
instrumental and isotropic background of 0. 38x1 o-2 ' on-
. ' aXJ.S counts s-1 sr-1 was subtracted from the gamma ray data. An idea of 
the statistical significance of the gamma ray longitude profile can be 
obtained from the quoted fluctuations of the profile averaged over 
1
1 b:u:11 < 5° as shown · f' 7 13 1n 1gure • • From these values, estimated 
statistical fl uc tua tiona of 0.15x1 o-2 and o. 2x1 o-2 I On-
axis' counts s-1 sr-1 are obtained for the outer and inner portions of the 
Galaxy respectively. Thus the fluctuations in the outer part of figure 
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Figure 7o11: Galactic latitude distributions. e, gamma ray intensities 
averaged over the indicated longitude ranges. Statistical errors are 
shown when larger than the points. Lines, 408MHz intensities 
correspondingly convolved and averaged. 
7.13 are probably statistical, whereas those in the inner region are 
probably real. 
The two distributions agree reasonably well with each other along the 
longitude profile, except for the region within 35° of the centre. Here 
the radio distribution exhibits a strong central peak and generally higher 
values than the corresponding gamma ray data. The central radio source, 
Sagittarius-A, does not appear to be associated with gamma ray production. 
Two other places where the longitude profiles differ obviously are in the 
directions 1~ = 112° and 1~ = 263°. The first of these has a peak in the 
radio distribution due to the supernova remnant Cas-A, at (lll = 111.7°, 
b l[' -2.1 °), which does not appear to be a prominent emitter of gamma 
rays. The peaks at 1~ = 263° in the radio and gamma ray distributions 
are essentially from different origins; the radio emission is largely 
unpulsed radiation from the Vela supernova remnant, and the gamma ray 
emission is pulsed emission from the Vela pulsar. The rest of the 
longitude profiles appear to follow one another quite closely. 
Interestingly, the shoulders in the radio distribution between 1~ = 280° 
and 330° have corresponding features in the gamma ray distribution. 
Similarly, between 1~ = 60° and 30°, where no obvious steps occur in the 
radio emission, the gamma ray emission is featureless too. Both 
distributions display the broad minimum between lu = 200° and 250°, where 
the line of sight passes out of the Galaxy between the spiral arms. The 
close resemblance of the two profiles in the plane lends support to the 
proposal that the gamma ray emission, like the synchrotron emission, is 
predominantly produced in the interstellar medium, rather than being due 
to discrete sources. However, more structure does appear to be present in 
the gamma ray distribution than in the radio emission, even taking 
statistical fluctuations into account. This could possibly be due to 
clumpiness in the interstellar medium that is not present in the magnetic 
field distribution. If the gamma ray production is predominantly from 
pion decay, as assumed by Paul et al. ( 1 976 ), and the radio is largely 
synchrotron emission produced as detailed in the previous chapters, then 
the implication is that gas density is proportional to B2 over some 
suitably large scale in the galactic plane. The discrepancy towards the 
centre can be explained successfully by the fact that the synchrotron 
emission is affected by a geometric factor not present in the gamma ray 
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emission. If the galactic field contains a significant regular component 
along the spiral arms, then lines of sight towards the centre will cut the 
field at right-angles, whereas towards 1~ = 90° and 1~ 270° they will 
be parallel to the field. As the synchrotron emission is dependent upon 
the perpendicular component ~f the field, tho cGntral regions will be 
relatively brighter than latitudes away from the centre. The gamma ray 
production mechanism does not have any such geometrical factor, of course, 
and so the central emission is expected to be lower than the corresponding 
radio distribution. Also if the gamma rays are produced in the 
interstellar medium, the angular width of the emission towards the centre 
is much smaller than the beam size of the detector. It is therefore 
expected that the observed gamma ray profile in the central regions will 
be lower than would be expected. The radio distribution, on the other 
hand, should not show such a reduction because the scale height of the 
synchrotron emission is much greater than that for the gamma rays. 
From the latitude distributions shown in figure 7.11 it can be seen 
that the radio and gamma ray emission profiles out of the plane do not 
display the same agreement seen in the longitude profiles. This is true 
for all the longitude ranges except 145°< llt < 1 75°. In general, the 
radio distribution displays a broader peak then the gamma rays. In the 
central region (figure 7.11 a) the gamma ray distribution is wider than 
would be expected if it were the result of production in the interstellar 
matter. This may be attributed to the beam width of the detector, which is 
larger than the width of the ridge in this region. In figure 7.11 b the 
excess in the radio distribution at positive latitudes is due to the North 
Polar Spur, which does not affect the gamma ray profile. In figure 7.11c 
the blackened area is the estimated contribution to the radio emission 
from the bright radio-Galaxy Cygnus-A, which is not a gamma ray source. 
Similarly, in figure 7.11 d, the contribution from the radio source Cas-A is 
shown. The noticeable peak in the gamma rays in figure 7.11 f is due to the 
gamma ray source 2CG195-+D4, and that in figure 7.11k is due to the Crab 
pulsar. The radio emission from the Crab supernova remnant is indicated 
by the shaded area. 
The lack of similarity in the two sets of profiles at higher latitudes 
indicates that the proportionality of gas density and field energy does 
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not hold out of the plane. This is perhaps to be expected, if 
instabilities in the plane develop Parker- bubbles (Parker 1 969, Jokipii 
& Parker 1 969 ), which cause magnetic field lines to be driven up out of the 
plane. 
Thus we see, from a comparison of the COS-B gamma ray data and the 
408MHz radio data, that there is strong evidence to suggest that the gamma 
ray and radio emissivities are proportional to one another in the galactic 
plane. If the gamma rays are produced by pion production, this implies 
that B2 and gas density are proportional in the plane. If the gamma rays 
are produced from discrete sources, then their number density would have 
to follow closely the variation of the product of the cosmic ray intensity 
and the square of the magnetic field strength throughout the plane. Out 
of the plane this relationship between the field and gas breaks down. 
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CHA:?rER 8 
C ONC LUS IONS 
From the preceding chapters it can be seen that the simulation of the 
synchrotron radiation emitted by the Galaxy can lead usefully to a greater 
understanding of the structure and properties of our Galaxy. It has also 
been shown that further insight in to its make-up can be gained by a 
comparison of the radio and gamma ray distributions over the sky. In this 
final chapter the various conclusions that can be made from this work 
regarding the nature of the Galaxy are drawn together. 
&1 General Features 
It can be seen from the results presented in chapter 6 that a model 
consisting of a disc component, containing spiral enhancements, and a 
weaker extended halo component is quite successful in modelling the 
galactic radio emission. 
Within the disc itself, an increase in the basic underlying emissivity 
towards the centre is evidently required, though whether this is due to 
higher magnetic field strengths or to higher electron fluxes is not clear 
as the synchrotron emission is dependent upon a combination of both 
quantities. Thus, though the electron flux was chosen to be constant in 
the plane of the Galaxy and the field distribution was taken to be the 
variable quantity, some of the variation in emissivity could equally be 
due to a variation in the electron flux. 
Though it is reasonable to assume some decrease in the underlying 
emissivity in the actual centre of the Galaxy, as from theoretical 
arguments a magnetic field there is expected to be weak or non-existent, 
it has been shown using model 4 that an absence of emission within 3-4kpc 
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of the centre has somewhat adverse consequences upon the radio emission 
predicted in the 'shoulders' of the galactic plane profile. 
As was seen in chapter 7, a comparison between the observed 408MHz 
radio emission and the gamma rays detected hy COS-B i no i c,qte!'l th>1 t the 
field density, B2, is proportional to the gas density in the galactic 
plane. From chapter 1 it was seen that the total hydrogen density is 
thought to increase towards the centre of the Galaxy but falls away within 
4-5kpc, and so a similar behaviour would seem to be required of the 
magnetic field distribution, confirming the assumptions made in the 
synchrotron modelling. 
Again from the results of the models presented in chapter 6, it can be 
seen that both a regular and an irregular field component are necessary to 
explain the observed radio emission from the Galaxy. Though the ratio of 
these components varies from model to model, in general equal proportions 
of each component are required. The presence of a regular field is also 
helpful in understanding the comparison of the radio emission with the 
gamma rays in the plane, as the geometric factor introduced by an 
azimuthal field would account for the enhancement in the radio emission 
over that of gamma rays for the directions towards the galactic centre. 
Out of the plane of the Galaxy the correspondence between the gamma ray 
and radio distributions is seen to break down, indicating that the 
correlation between the magnetic field density and the gas density no 
longer holds away from the plane. The extent of the radio emission at 
high latitudes requires that some form of weak emission 'halo' exist 
outside the disc. The 'fluted' halo proposed by French ( 1 977) continues to 
give satisfactory results with the present work, though with model 10 it 
was noted that a slimmer halo in the region within a galactic radius of 
about 8kpc produced better predictions for the latitude profiles towards 
the central regions. This would seem to suggest that a constant thickness 
halo, 5kpc high, exists in the inner part of the Galaxy but that this 
rapidly flutes out to 11kpc at the Sun and 20kpc at the edge of the Galaxy. 
It is encouraging to see that a halo of a similar size is also required 
from a consideration of cosmic ray diffusion processes (see appendix II). 
The only major problem with such a model is that the pole temperatures 
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predicted at 408MHz are 17K rather than the 20K observed. However, as the 
plane and pole temperatures are predicted adequately at 150MHz using the 
same model, it is clear that a change in the scale height of the halo would 
not solve the problem. What seems to be required is that the frequency 
dependence of the emission from the high latitudes be different to that in 
the plane. If the temperature spectral index in the plane is taken to be 
-2.8 then an index of -2.6 is needed in the direction of the poles. 
However, this is the opposite of what is expected, as the lower proportion 
of thermal radiation in the polar directions should make the spectrum 
steeper overall. Confirmation of this unexpected behaviour has come from 
the work of Mayer et al 1 983, who have looked at the variation of spectral 
index over the sky determined from a comparison of radio continuum surveys 
at 408MHz and 1420MHz, and who find a similar flattening of the spectrum in 
the coldest parts of the sky. One possible explanation for this behaviour 
would be for the differential flux intensity of the electrons in the halo 
to be flatter than that in the plane, for the particular energy range 
concerned. Another would be for the emission in the vicinity of the Sun 
to contain a higher than average thermal component. The emission in the 
plane would then still be dominated by the non-thermal component, but out 
of the plane, where the local emissivity is more important, the thermal 
component would contribute more to the total brightness resulting in a 
flatter spectrum. 
8. 2 The Spiral Structure 
From the modelling in chapter 6 it can be seen that a picture of the 
Galaxy in which there are broad arms of emission spiralling out from the 
centre and trailing off in intensity towards the outer regions is at least 
consistent with the observed radio emission in the plane. 
Looking at the spiral pattern in detail, there appears to be evidence 
for the existence of a central bar from the asymmetry of the central 
portion of the observed plane profile. What seems to be required is a 
'kinked' bar, 8kpc long, with the nearest portion at 33° to the Sun-centre 
line and the furthest part at 15° to this line. It is interesting to note 
that there is some evidence from the HI and CO data for a bar in a similar 
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direction, that is 45° to the Sun-centre line (Liszt & Burton 1980). 
Joining on to the ends of the bar in the final model, are two sections 
of an elliptical ring; the major axis of the ring being roughly 
perpendicular to the bar, and its semi-major and minor dimensions 
measuring 5kpc and 4kpc respectively. Again, the elliptical ring sections 
were required to explain an asymmetric plateau found in the central 
regions of the plane profile. A complete ring was experimented with, but 
it was found that too much congestion was produced in the directions 
around l = 30° for this to be tenable. 
Moving out from the centre of the Galaxy, the end of each elliptical 
ring section splits into two arms, which then sweep out smoothly to form 
the familiar arms seen from other observations; the outer arm from one set 
becoming the Sagittarius arm and the inner arm from the other set forming 
the Perseus arm. This type of behaviour is quite commonly seen in the 
optical structure of other galaxies. 
Finally, it has been shown from the modelling that the local Orion arm 
needs to be placed outside the solar radius if a trailing-off in arm 
compression is required outside a radius of 10kpc. Such a weakening of 
compression is actually predicted by density wave theory as the co-
rotation radius is reached. Both Price (1974) and French 
& Osborne (1976) came to similar conclusions with their modelling of the 
synchrotron emission at 150MHz. Also, to be able to predict the minimum in 
emission seen around 1 = 250° in the plane, the local arm needs to be 
truncated a few kiloparsecs beyond the Sun. Such behaviour is often seen 
in the 'feathers' that branch out from the main arms of other galaxies, and 
the local arm has been considered by many workers to be more in the nature 
of such a subsidiary arm than a major one. It is also highly likely that 
more secondary arms of this type exist in other parts of the Galaxy, and 
with model 10 favourable results were obtained with one such arm placed 
between the two main arms emerging from the ring section on the left-hand 
side of the Galaxy. 
Thus the overall picture that emerges from the modelling presented in 
this thesis is that our Galaxy has a two-armed spiral pattern in the inner 
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regions, possibly with a bar in the centre, which then branches out to a 
four-armed pattern with feather-like interarms in the outer regions. 
Similar features are seen in the unfolding work of Phillipps et al. 
( 1 981 a) and independent confirmation of such a morphology can be found 
from the ~~ork of de Vaucouleurs (1979) who proposes a Hubble 
classification for the Galaxy of SAB( rs) be. It is also interesting to 
note, as van den Bergh (1979) has pointed out, that about two-thirds of the 
galaxies possessing very active star formation in their centres, as ours 
appears to, are barred spirals. 
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APPENDIX I 
Synchrotron Radiation Theory 
The treatment of the theory of the radiation produced by the 
synchrotron mechanism presented hel~e la1·gely follows that of Facholczyk 
( 1 970 ). 
The retarded vector and scalar potentials are given by the expressions: 
~ \!',t') s(t'- t + ~~u·J) J"c:·Jc' 
~. 
(I. 1) 
where B,. B.o and r' are as shown in figure I. 1, and J. and \' are the current 
and charge densities respectively. The presence of the delta functions 
indicates that the integrands are to be evaluated at the retarded time: 
t I : C P-... ( t) (I. 2) 
-c.. 
For a single moving point charge: 
(I. 3) 
where e is the charge, c is the speed of light and ~ = :!_I c, where v is the 
velocity of the particle (figure I.2). 
Combining I.1, I. 2 and using the relationships: 
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Figure lo1: Diagram showing the relationship of a small volume element in a 
continuous charge distribution to the position of the observer. The 
vectors r' and R describe the positions of the volume element and the 
observer respectively, measured from an arbitrary origin. 
ongm 
Figure Io2: Diagram showing the relationship of a moving point charge to 
the position of the observer. The vectors rand R describe the positions 
of the charge and the observer respectively, measured from an arbitrary 
origin. The charge has a strength e and is moving at velocity~· 
and 
we obtain: 
Jt = 
Jt' 
A (A t) = 
- --
I 
-
e/{ 
"'(- 'A.'•) "a I ti • _o 
e 
where f{ = ~ ( t' ), R~ = l~( t') l and "!.a* = ~R~. 
The electric and magnetic fields can be obtained using: 
E -= - .,.r ... J. + -)~ 
IT 
g ::: c.. ...... \ A ::. /"' .. \-1 
(I. 4) 
(I. 5) 
(I. 6) 
(I. 7) 
Substituting I. 6 into I. 7, and considering the fields only at a large 
distance from the charge: 
H ~ ~ J~: 
where A'= d_i/dt'. 
e g:"' 1\ l ( ~~ -~ ') 1\ ~ J 
,t..,' ( \ - fo-'. g~Mr 
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(I. 8) 
-----------
The power radiated per Wlit solid angle p"" is thus: 
(I. 9) 
Substituting I.7 into I.~ 
(1.10) 
Because the electron may be considered to be moving with relativistic 
velocities, most of the radiation may be taken to be emitted within a 
narrow cone along the direction of motion. The apex angle of this cone is 
approximately 2/'f. 
In the coordinate system shown in figure I. 3, the equation of motion of 
the electron spiralling along the field lines is: 
r(t')::: C:.~S:.,e[ ~~ Ccr$"-'11 t 1 + !-. s;,...w11 t] + g,t 1 c.~(.C6e (1.11) 
WM 
where ""'u = fA.He/'(me and me is the electron mass. 
Also: 
(1.12) 
The field direction is taken to be in the direction 1:.3 and _l1; 1:.2 and 1:.3 
form a cartesian coordinate system. e is the angle between the direction 
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Figure I.3: The coordinate system used in describing the electrons 
spiralling motion along the field lines. 
of the electron velocity v and the magnetic field H. The observer is 
taken to be in the plane of~ and 23 and is in the direction of k: 
(1.13) 
where ljr is the value of the angle ? between the direction of the 
electron's velocity n and the direction k, when n is in the~ plane. ~1 , 
~· ~3 , _!: and_.:: are unit vectors. 
The observer in the direction k will see pulses of radiation occurring 
periodically at a time interval T of: 
(1.14) 
(figure I.4). For an ultra-relativistic electron (~ z 1 ), radiation will 
only be seen for directions k within an angle 1 /'1 of v, thus 3-ze. Hence: 
To obtain the spectral distribution of the synchrotron radiation, it is 
useful to represent the electric vector E(t) in equation I.9 as a Fourier 
series of monochromatic waves exp[ -i(w11 /sin2 9)nt] of frequencies 
n(w11 /sin2e): 
(1.16) 
-ao 
where 
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Figure Io4: Diagram showing the time delay between successive pulses of 
synchrotron emission radiated in the direction of the observer k. 
111' , .... '8 
...... 
'S .. (~) : c..~,. \ ~(~,t) .... 1'( i ~ Vlt) Jt 
t.~ .s:.;' 9 J r, .. •(J 
0 
Since !( t) 1.8 real, the complex conjugate of !n is -~n· 
(I.17) 
The average energy emitted by the particle per unit solid angle is: 
(I.18) 
This can be expressed in terms of the power associated with each 
particular Fourier component as follows: 
f7c, 
J~ 
(I.19) 
If the coordinate system in figure 1.2 is taken to have its origin close to 
the electron, then r'<<R. Thus: 
* I' ' ·* as R = R 1R 1 ~ R . 
-- 0 
(I. 20) 
= P..- c.~ 
Evaluating the integral in equation 1.17 in terms of the retarded time: 
( r. 21 ) 
Using equations I. 5 and I. 20, this becomes: 
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(L 22) 
Using the fact that the radiation is emitted within a small angle around 
the direction of the electron velocity, equation I.22 can be simplified to 
(see Pacholczyk 1970 ): 
r,u: 
{Go 
g, ( ~' + Y"t. -"X'"s,._' 9) +- ~LX ts;,.9 s;.,~cAX 
(; ... -~olf,_ +"X'"sr .. '9)'" 
where -x = w~ t' and ~ = 12 cos e - _!3sin e . 
Equation I.23 can be recast as: 
~ .. U.) :::~ [ w,. f!.J<f ( i V\ W M 6) 4"1f .... (l.. s ..... ,_e s ..... '\9 c. Q Q 
r •·fl;s ( w' .. 1 •'~ ~. ("''-v.') + !:!" 2.LA. v- JIA 
( w"'- ... "' .... )~ 
-co 
with w = 1 /'1.)1 +'ly ... , s n/(2sin3 8) and u X sin&. 
129 
(I. 24) 
However: 
oil 
Jf ... ,L"c~·,."·i ·'l). w'-"' J. 
-ao (w ... + ....... ) .... 
(I. 25) 
ct:> 
J ""f [;,(w'••} .,.•)] 
-m 
where K1 and Kt;, are Bessel functions of the second kind with imaginary 
'l l 
arguments. Thus ~ is: 
E = _ ... 
(I. 26) 
where: 
The average power radiated per unit area in the nth harmonic (p .. .n) is thus 
the sum of two components: 
(I. 27) 
one corresponding to a polarisation with the En parallel to ..11 and the 
other polarisation parallel to m. 
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,..,(I) If ~... 'Z. p,.A ::; ~""'" e-.... c.JM ... .1. ( , ... ¥ .. r K 1 ( j) t...IJ,.,.-It-,,-,..•oe r"" "'J 
(I. 28) 
....... ('<) 
= It "' ... e."\.(,.); J_ ( I T yl.1f')"Vrl. K, ... ('j) P .. ..n. t..-8 "<!"i+ $ .... IO e '( 1. f"S 
As 'I is large, most of the energy is radiated in the higher order 
harmonics. In this region the spectrum can be considered to be almost 
continuous. We can thus write: 
.-(t\ 
p -o~.n. 
~·) J = p ....n. ~ 
olv 
where -v is the frequency: 
and x = v /v,, where .Y<- = 3/4TI'.w14 sin9.Y~ 
(1.29) 
(I. 30) 
If we now consider a region in which a uniform distribution of 
electrons is radiating by the synchrotron mechanism, and where there are 
N(E,k)dEd.st electrons per unit volume, with velocities within d.Jl. of the 
direction k and energy within dE of E. Consider the small volume d1: shown 
in figure I. 5. Then: 
(I. 31 ) 
The number of electrons entering d'l"' per second that possess velocities 
close to the direction k, and hence are capable of radiating to the 
observer, is: 
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dR 
Figure I.5: Diagram showing the number of electrons, capable of radiating 
to the observer, that enter a small volume d 1: "' dA.dR per second. 
(I. 32) 
Each particle radiates for a time t': 
t' ::. (I. 33) 
and the power is received for a time: 
t ~ t I - JA._ 
c. 
(I. 34) 
= J.J.. ( I 1) z ~c.ri"'9 -
The power received for a time t, at the observer, is that given by P.,<.:!, in 
equation 1.29. Thus, the average power received by the observer from the 
volume element d~ is: 
(I. 35) 
The total power radiated per unit volume, per unit solid angle, per unit 
frequency is thus: 
E.{i) = r r CIO ...,. ~;) y j p ... JL 
lo'll 0 
For an isotropic distribution of electron velocities: 
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(I. 36) 
(I. 37) 
From figure I. 3 it is clear that most of the power is radiated within a 
small ring. We can .thus write d.n-= 211 sin6 dy and integrate over d-fr 
from -1 j-g to 1 /'1. The limits of the integrand can in fact be extended to 
-~ and~ with little appreciable error because of the smallness of the 
integrand outstde the range -1 /'6 to 1 /6. Thus: 
(I. 38) 
J- l :.1.: = ;;: Jf "'• ... ex·-f·..r '( ... ·v{'\k ]t,. vv·f.t t 
-· 
Equation I.38 reduces to: 
(I. 39) 
where CIO 
Fe,.) :. X f. K s-, lt.) J '! 
)( 3 
~\>9 = >< K1.1 (x) 3 
Thus equation I. 3 9 becomes: 
... 
"• ef. N (E)[ f(•) ~ G-l•~ J t (I. 40) 
where x is a function of E. 
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For a power-law distribution of electrons, N(E) -4K = N0 E , equation I. 40 
becomes: 
(L 41) 
Equation I. 41 reduces to: 
(I. 42) 
where 
The total emission coefficient is thus: 
~ : 1: (1) t: ~'\.) 
c;,. c...., + c.., 
(I. 43) 
The observed brightness temperature is given by: 
T = c ... £.., 2 
v 
(I. 44) 
'2.. k v ... 
where l is the path length and k is Boltzmann's constant. Converting 
equation I. 43 to the observed brightness temperature: 
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1..., =- c'" [3 e.) 
,,_, "" ... k 
The flux of electrons is approximately given by: 
KoE-"'J£ ~ .£. N0 £-ocJE 
to. 'If' 
(I. 45) 
(I. 46) 
Substituting K0 for N0 in equation I. 45, and converting to units such that 
E is measured in GeV, H in microgauss, ...., in MHz and 1 in kpc: 
(I. 47) 
If ~ is taken to be 2. 6, then: 
(I. 48) 
For an interstellar medium with varying K0 and H: 
r v·'l T:, : ,.l(.l,S'"O. ro" ...,-t.·llj K.o<..s)( H .... (s)j ...ls (I.49) 
.fl. . .._ { s•4lt 
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APPENDIX II 
Cosmic Rays 
II.1 A Summary of the Properties of Cosmic Rays 
The cosmic ray flux incident at the Earth's atmosphere may be divided 
into two principle components. The main part consists of the nuclei of a 
range of isotopes from hydrogen (protons) to iron, though heavier nuclei 
are seen occasionally. This component is referred to as the 'nuclear 
component'. The second component of the flux consists of energetic 
electrons and positrons, and is roughly a hundred times weaker than the 
nuclear component. 
The flux of the nuclear component decreases with increasing energy, 
approximately according to a power law. The index of this power law is 
not constant though, and changes abruptly at several energies (see figure 
II.1 ). Below 1 o9ev the observed differential energy spectrum is not 
expected to be a true reflection of the interstellar spectrum, as this 
energy region is heavily affected by solar modulation. Between 109 and 
1015ev the energy spectrum is well fitted by an energy dependence of the 
form E-2•6• At 1015ev the spectrum steepens to have an index of -3.1, and 
at 1019ev it becomes flatter again, having an index of -2.4. If the cosmic 
rays were of universal origin, a cut-off in the number of particles would 
be expected beyond 5x1 o1 9ev due to interaction with the 2. 7K background 
radiation. The fact that this is not seen suggests that the 1020ev cosmic 
rays must have their origins not greater than 30Mpc away. 
The relative abundances of the isotopes in the cosmic ray nuclear 
component are shown in figure II.2. These abundances are compared with 
the values seen in the material of the Solar System. On the whole the 
agreement between the two is very good, indicating that they both have a 
common origin. The differences may be seen as being due to differences in 
the development of the cosmic rays and Solar System from the original 
interstellar gas out of which the stars condensed. The most notable 
disparities between the two compositions are for the lithium, beryllium 
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Figure IIo1: Integrated energy spectrum of the nuclear component of cosmic 
rays. (Linsley 1981) 
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Figure II.2: The elemental abundance of the cosmic rays compared with two 
compilations of the Solar System abundances. (Meyer 1981) 
and boron group, and the sub-iron group (Z=19-25). For both these groups 
of isotopes the cosmic ray abundances are much higher than the natural 
abundances in the Solar System. This is a result of changes in the 
composition caused by the nuclear interactions with the interstellar gas 
as the cosmic raj~ travei through the intcrntollar mcdiQ~ (ISM)~ Lithi~~, 
berillium and boron are typical spallation products of carbon, nitrogen 
and oxygen, and the sub-iron group are products resulting from the 
spallation of iron. The energy spectra of the individual isotopes are 
not, in fact, identical, the heavier elements having flatter spectra than 
the proton or alpha-particle components. This means that the relative 
proportions of the isotopes change with energy (figure II.3), and implies 
that the amount of matter traversed (grammage) is not constant with 
energy. 
Finally, the relative abundance of long-lived radioactive isotopes in 
the cosmic ray flux can give useful information about the processes 
involved in their propagation through the Galaxy. To be of use, the decay 
times of such isotopes must be comparable to the time scales involved in 
the propagation mechanisms. Some suitable isotopes for use as 'cosmic ray 
clocks' are given in table 11.1, most of which are secondaries produced 
during propagation. 
Table II. 1 
Element Half-life 
1~e 2.5x106years 
26Al 7.4x105years 
36cl 3. 1 x1 o5years 
53Mn 3. 7x1 o6years 
5~ 303 days 
59Ni 8.0x104years 
At present the only radioactive isotope that is observed with 
sufficient accuracy to justify analysis is 1~e. This isotope has been 
detected by many workers, using both balloon and satellite-borne 
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Figure IL3: The ratio of the secondary nuclei, B and N, to the source 
nucleus, C, as a function of energy. (Meyer 1 975) 
experiments. The IMP-7 and IMP-8 satellites detected a ratio of 10Be/9Be, 
at 80MeV/nucleon, of 0.14+0.07 (Garcia-Munoz et al. 1977a). Due to the 
effects of solar modulation this corresponds approximately to an 
interstellar kinetic energy of 300MeV /nucleon. A more recent value of 
0.095+0.05 at equivalent energies has been obtained by 
Webber & Kish ( 1 979 ). 
The balloon flight experiments of Hagen et al. ( 1 977 ), 
Webber et al. (1977) and Buffington et al. (1978) all give significantly 
--- ---
higher values of 1 0Be/9Be, although higher energy particles were being 
measured than in the satellite experiments. The weighted mean of the 
balloon experiments adjusted to that expected for kinetic energies of 
300MeV/nucleon is 0.27+0.07. A more recent experiment of Wiedenbeck 
& Greiner (1980) has yielded a value of 0.24+0.06 at these energies. 
Finally, the arrival directions of the cosmic rays can give valuable 
information about their history. The bias in favour of any particular 
direction is usually measured by the anisotropy given by: 
s :. { r (II. 1) 
....... 
where Imax and Imin are the maximum and minimum values of the cosmic ray 
flux seen over all the arrival directions. 
Below 1011 ev the interstellar anisotropy cannot be measured because of 
the effects of solar modulation, but between 1011 and 1014ev measurements 
on the arrival direction of muons in cosmic ray showers at ground level 
indicates an anisotropy of the order of 10-3 (Elliot et al. 1970, Marsden 
et al. 1 976 ). This corresponds to a streaming velocity for the cosmic 
---
rays in the interstellar medium of 10kms-1. Such a low anisotropy 
indicates that the cosmic ray particles themselves must undergo many 
scatterings during their propagation from the source, and hence may be 
considered to diffuse through the interstellar medium. 
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II. 2 The Interpretation of Cosmic Ray Data 
The above experimental results can be used in conjunction with various 
models for the production and propagation of cosmic rays, giving further 
insight into the nature of our Galaxy. 
The cosmic ray particles, having been produced at some source, can be 
considered to diffuse through the interstellar medium, scattering, it is 
thought, off irregularities in the magnetic field and self-induced Alfven 
waves. At the same time, individual isotopic species may be spallated by 
collisions with the stationary interstellar matter, and also be produced 
by the spallation of heavier isotopes. If the isotope is radioactive, 
then natural decay may also be occurring. The general transport equation 
expressing the dynamics of a particular isotopic population may be written 
as: 
(II. 2) 
where ni is the particle density of nuclear species i, ~i is the total 
inelastic destruction cross-section for nucleus i, erik is the production 
cross-section for particles of type i from particles of type k whose 
density is nk, f is the number density of atoms in the interstellar 
medium, c is the speed of light, which is approximately the speed of the 
cosmic rays, and qi is the rate of production of particles of type i by the 
cosmic ray source. The summation is taken over all nuclear types k that 
are heavier than the nucleus i. 
The first term in equation II.2 is the change in density ni with time, 
the second term representing the loss due to diffusion out of the local 
region. The third term expresses the change in density of the particles 
at energy E due to energy losses and gains. The fourth term takes into 
account the loss of particles due to natural radioactive decay, with a 
decay time of 't'. The final term on the left-hand side of the equation 
represents the loss of particles of type i due to spallation caused by 
collisions with the particles of the ISM. 
139 
The right-hand side of the equation contains two terms representing 
processes which increase the density of particles. The first of these 
expresses the increase caused by the spallation of heavier isotopes, and 
the second gives the contribution from the natural sources of cosmic rays. 
IL2..1 'The Slab Model 
This is the simplest possible model for cosmic ray transport. The 
cosmic rays at any particular position in space are assumed to have all 
travelled through the same amount of matter x gcm-2. Energy loss and 
radioactive decay are neglected, and local equilibrium is assumed to be 
established everywhere. In such a situation equation II.2 takes the form: 
(II. 3) 
where Ji ( x) is the f1 ux of species i after traversing x gcm- 2 of matter, li 
is the total inelastic mean free path of species i in gcm- 2 and lk is the 
to tal inelastic mean free path of the heavier nuclei k. Pki gives the 
fragmentation probability of obtaining species i from the spallation of 
.species k. Because all the cosmic rays are assumed to have travelled 
through the same amount of matter, the model is known as the 'slab' model. 
The path length distribution for such a model is thus: 
(II.4) 
where S () is the delta function. The set of equations II. 3, one for each 
isotope, can be solved to give the predicted composition at any position x, 
given a source composition similar to that of the Solar System. To 
produce the observed ratio of medium-weight elements ( C, N, 0) to light-
weight elements (Li, Be, B) in the cosmic ray flux, a value of x = 4.3gcm-3 
is required. Unfortunately, the predicted ratio of the sub-iron group to 
that of iron is about 3.7, whereas what is actually observed is a ratio of 
1.5. Thus the slab model cannot satisfactorily describe the cosmic ray 
composition from li thi urn to iron with a single value of x. 
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11.2.2 'llhe Homogeneous Model 
This model is more elaborate than the simple slab model, in that it is 
assumed that there is an exponential distribution of path lengths 
encountered by cosmic rays propagating through the Galaxy from the sources 
to the Sun. The transport equation for such a model may be obtained by 
replacing the diffusion term in equation II.2 by a term -ni/~ 1• where ~l 
is known as the leakage lifetime and represents the time scale for a 
particle to diffuse out of the Galaxy and be lost. This model is 
sometimes known as the 'leaky box' model. The resulting set of transport 
equations have the form: 
(II. 5) 
Energy losses and radioactive decay have been omitted from this treatment. 
The average amount of matter penetrated by the particles before leaving 
the Galaxy, x1gcm-
2
, is given by x1 ~ p <A>mH 't'1 c, where f is the number 
density of atoms in the interstellar matter, <A> is the mean atomic weight 
and mH is the mass of a hydrogen atom. The velocity of the particles is 
taken to be approximately that of the speed of light c. 
The solution to this set of equations can be found; given the 
interaction and fragmentation cross-sections for the particles involved 
(Ginzburg & Syrovatskii 1964, Ptuskin 1974), to give the relative 
proportions of the isotopes that are expected in the cosmic ray flux as a 
function of the mean free path. The best fit to the observed composition 
is typically obtained with a value for x1 of 5gcm-
2
• 
Shapiro & Silberberg (1974) find that a better fit to the observations 
can be obtained using a path-length distribution that is exponential, but 
which is truncated for path lengths below 1gcm-2• Garcia-
Munoz et al. (1977a,b) obtain a value of 6+0.5gcm-2 for the mean amount of 
matter traversed using such a path-length distribution truncated with a 
linear rise from 0 to 1gcm-2. 
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One can also study the properties of cosmic rays that decay 
radioactively within such a model. An example of such a species is the 
radioactive isotope 1 ~e, which decays by beta-decay to 10s with a mean 
life of 2. 5x1 o6years. Adding in the radioactive decay term to 
(II.6) 
where '1:'i is the time scale for radioactive decay ( 't: i = '6 '1:' io• where '( 
is the relativistic time-dilation factor). As 10Be is a secondary 
particle, qi = 0. The solution to equation II.6 (Prischep & Ptuskin 1975) 
is: 
(II. 7) 
If no decay was taking place the resulting density of 10Be would be: 
(II. B) 
Thus the fraction of 1 ~e remaining after decay is: 
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(II. g) 
Neglecting fragmentation of the 10Be by spallation, this becomes: 
(II.10) 
This fraction cannot be measured directly, but, using the ratios of the 
primary and secondary constituents predicted by the homogeneous model one 
can obtain the ratio of 9Be to 10Be, assuming that no decay of 1 ~e has 
taken place. Raisbeck & Yiou (1977) have predicted this ratio to be about 
0.6, and have found that it depends only weakly on the mean grammage 
traversed and even less on the precise form of the distribution of 
grammage about the mean. So, measuring the 1 0Be/9Be ratio and dividing by 
0.6 will give the fraction of 10Be remaining after decay. Using the 
observed ratio of 0.095+0.05 (Webber & Kish 1979) this indicates leakage 
lifetimes of the order of 2x107years. However, to be able to reconcile a 
grammage of 6gcm-2 with such a long leakage lifetime, the ambient gas 
density in the Galaxy must be taken to be of the order of 0.2amu cm-3. The 
actual value observed locally is typically 1.53amu cm-3 
(Freedman et al. 1980 ). 
Unfortunately an analysis of this kind is only really valid for 
radioactive isotopes whose mean lifetimes are much greater than the escape 
time from the Galaxy. The half-life of 10Be is of the same order as the 
escape time and so such a simple model is not expected to give accurate 
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ages for the cosmic rays. Also, the homogeneous model effectively 
averages over the whole galaxy, the n/x1 term representing the whole of 
the diffusion process and geometry of the situation. It is valid only for 
a situation in which cosmic ray diffusion proceeds so rapidly that the 
cosmic ray concentration throughout the galactin r_-,onfinement region is 
constant. If this is not true then the effects of the spatial 
distribution of the interstellar gas, the cosmic rays and the cosmic ray 
sources become important, and a more realistic model needs to be used. 
II.2.3 'The One-Dimensional Diffusion Model with Free Escape 
This model, considered by Prischep & Ptuskin ( 1 975 ), represents the 
next stage in the development of a model for the propagation of cosmic 
rays through the Galaxy. The Galaxy is represented by an infinite slab of 
thickness 2D, which contains a disc region of thickness 2a and halo 
regions on either side (figure II.4). The particles are produced by a 
uniform distribution of sources in the disc region which then diffuse in 
the disc and halo regions until they escape freely at the halo's outer 
boundaries. This may be considered a realistic model if the lateral 
gradient of cosmic ray source intensity is small over scales comparable 
with the size of the halo. The time-independent propagation equation for 
such a system is: 
(II. 11) 
with the boundary conditions n(lzl=D) = 0 and n( z) and ~Y\ continuous at fi 
l zl a. K is the diffusion coefficient, ni is the density of the cosmic 
rays of species i, as a function of the distance z from the central plane 
of the disc, and v is the average velocity of the particles (v~ c). The 
other terms in the equation are as in equation II.2, but may also be a 
function of z where applicable. 
The solution to this set of equations can be obtained by considering 
the diffusion and fragmentation of nuclei separately (Ptuskin 1974), and 
has the form: 
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Figure II.4: The one-dimensional model of the Galaxy. 
n. = 2. 
• 
(II.12) 
The summation is taken throughout the nuclei that are heavier than and 
including the nucleus i. The coefficients aik are obtained from the 
solution of the equation: 
(II.13) 
where yi(O) = qi. The yi(t) have the form: 
(II. 14) 
The function Fk(z) in equation II.12 is a solution of: 
(II.15) 
subject to the boundary conditions Fk = 0 at lzl = D, and Fk(z) and ~k 
~! 
continuous at lzl =a. 8(a-lzl) is the 'step-function': 
o. < I tl 
(II.16) 
= 
An alternative and much simpler approach to solving equation II.11 can be 
used for primary cosmic ray particles. To find a general solution it is 
sufficient to solve the set of equations subject to the conditions: 
o-ij = 0, qi(z) = qio for lzl < a and qi(z) = 0 for lzl > a. This 
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simplifies equation II.11 to: 
(II.17) 
with the boundary conditions ni(izi=D) = 0, and ni(z) and ni continuous at 
izi = a. This can be solved directly for the disc and halo regions 
separately, and the two solutions can then be matched at the disc-halo 
boundary. The solution obtained is: 
(II.18) 
I = I I ~ <T".: c.. {!. 
where fo = v/ c, and the interstellar gas density is taken to be a constant 
value r inside the disc and zero elsewhere. 
Using the homogeneous model of the previous section, the equivalent 
solution obtained would be: 
(II.19) 
If 1 >> a/D > 10-2, one can expand equation II.18 as a series. Retaining 
the lowest order terms gives, at z = 0 : 
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(I I. 20) 
thus implying that x1 = p<A>mHc,.g aD/K (Prischep & Ptuskin 1975). The 
homogeneous model is thus valid for describing the elemental composition 
of non-radioactive cosmic ray nuclei provided that 1 » a/D > 1 o-2. 
The particles arriving at the Earth will have taken varying amounts of 
time in propagating through the Galaxy from the sources. The age 
distribution for the homogeneous model, as mentioned before, is just a 
simple exponential function. One can calculate the corresponding age 
distribution for particles undergoing diffusion in the one-dimensional 
model above, using a procedure outlined by Owens ( 1 976 ). This involves 
finding the Green's function of the full time-dependent diffusion 
equation, as this then gives the density at any particular position as a 
function of time after an instantaneous input of particles at time t = 0, 
from the given source distribution. The age distribution obtained is: 
(II.21) 
For z 0, this simplifies to: 
From figure II.5 it can be seen that for large ~ this behaves as an 
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Figure II.5: The age distribution at z = 0 for cosmic rays diffusing 
through the simple one-dimensional model of the Galaxy. 
exponential, as in the 'leaky-box' model. 
Using this distribution, one can also find the mean age < "l:' > of 
particles at z = 0 : 
(II. 23) 
However, this mean age has no direct relevance to any observation of the 
cosmic rays seen at the Earth. A more useful quantity to calculate would 
be the time distribution and mean time <~n> that particles spend in the 
disc of the Galaxy. If the matter is confined to the disc and is uniform, 
this leads directly to the grammage distribution and mean grammage 
traversed, <X> = v p <A>mH< t"n>, which can then be compared to the values 
obtained when using the homogenous model to explain the relative isotopic 
abundances. 
The method used to obtain the disc-age distribution is to consider the 
disc region of the Galaxy only and to impose a partially reflecting 
boundary at the edge of the disc, such that it simulates the 'original' 
disc-halo system (Freedman et al. 1980). 
The partial reflection coefficient can be obtained by the following 
argument. A particle entering the halo from the disc will either re-enter 
the disc again at some later stage, or will escape at the halo boundary. 
If we consider the motion of the particle through the halo as a simple 
random walk with equal probability of a backward or forward jump, and with 
a constant step-size given by A = 2K/v, where K is the diffusion 
coefficient and v is the effective mean z-component of the particle's 
velocity (figure II.6). Then the probability that the particle will reach 
the absorbing barrier at D+)l , that is escape from the halo, before it 
reaches z = a again is a standard problem in the theory of stochastic 
processes (see Cox & Miller 1 965 ), and has the solution: 
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Figure II.6: Diffusion through the halo considered as a random walk with 
step size ).. . Beyond z = D particles do not return. 
(II.24) 
So the probability of the particle being reflected back into the disc, in 
other words the reflection coefficient, is: 
(II. 25) 
Thus, to find the disc-age distribution, one must solve the time-dependent 
equation: 
(II. 26) 
for the disc, with partially reflecting boundaries: 
=-(~)VV\ 
\+r 
(II. 27) 
If there is an instantaneous input of particles at time t = 0, which has 
the same spatial distribution of intensity as the source distribution, 
then the number of particles at any point in space at time t = ~D will be 
directly proportional to the probability of a particle in the original 
disc-halo system arriving with a disc-age of "t'y 
The general solution to equation II.26 is: 
00 
~(~,t) = L BJ<><~), .. ,(ot._})eocp(-«~~t) 
",.., 
(II. 28) 
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where the o< n' s are the roots of the equation: 
(II. 29) 
which is obtained from satisfying the boundary conditions. For a uniform 
source distribution throughout the disc (that is n = 1 for all lzl < a at 
t = 0) then: 
(II. 30) 
So that, at the Earth ( z 0 ): 
(11.31) 
This can be evaluated numerically and is shown in figure II.?. The 
function has been normalised to unity at "t'n = o. To obtain the 
probability density function one must divide equation II.31 by the 
integral of n(O, "rn) from ~D = 0 to infinity. This gives: 
(I I. 32) 
where: 
From this, one can find the mean disc-age < 't:n> of particles arriving at 
150 
c: 
~ 
0 
log~. 
Figure II.7: The disc-age distribution at z = 0 for cosmic rays diffusing 
through the simple one-dimensional model of the Galaxy. 
z 0 
.(~)::. o.,_( I 
1) - -K ~ 
+ f \ 
v ...... rtt} (II. 33) 
Substituting the expression for r from equation II. 25 in the expression 
for E gives: 
E :. __a.__ 
D-o. 
So, substituting for E in equation II. 33: 
(II. 34) 
(II. 35) 
Thus, the grammage of the cosmic rays, given by X 
(II. 36) 
where p is the interstellar particle density, <A> is the mean 
interstellar atomic weight and mH is the mass of the hydrogen atom. If a, 
<A> and ~ are known, then equation II.36 gives the relationship between K 
and D required to fit the observed grammage. If A is independent of the 
.. 
particle's energy, then the diffusion coefficient can be written as: 
(II. 37) 
where: 
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Equation II.36 thus becomes: 
X = c f <.A) V¥111 0.. .. ( t 
Ko ' 
+-J.. 
3 
(I I. 38) 
If we take X= 6gcm-2 at 300MeV/nucleon ( (3 = 0.65) (Garcia-Munoz 
et al. 1977), p<A> = 1.53amu cm-3 and a= 95pc (Freedman et al. 1980), 
then the relationship between K0 and D is as shown in figure II.& 
A further generalisation of this model would be to have a different 
diffusion coefficient in the halo to that in the disc. If the ratio of the 
halo and disc coefficients is a constant F, then the solutions to the disc-
and total-age distributions are obtained in a similar way to that outlined 
above, but with the boundary condition at the disc edge now being: 
(II. 39) 
where h is an infinitely small increment. 
The resulting total-age distribution is now: 
ao 
n(;;/-r) = 2,_,.
0 
L (II. 40) 
"'"' 
where: 
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Figure II.8: Relationship between the diffusion coefficient, K_o;2 and the 
size of the halo, D, when the mean grammage traversed is 6gcm and the 
disc height is taken to be 95pc. 
(II. 41) 
and the 0( n' s are given by: 
(II. 42) 
The disc-age distribution is the same as in equation II. 32, but with e now 
given by: 
E = ~F (II.43) 
(D- ... ) 
Another useful quantity that can be calculated from the one-
dimensional diffusion model is the surviving fraction of a species of 
particle that decays radioactively. That is, the ratio can be obtained of 
the flux of particles arriving at the Earth compared to that which would 
be seen if no decay had taken place. 
The steady-state diffusion equation for such particles is: 
(II. 44) 
where 1:' r is the time-scale for radioactive decay and S is the source 
distribution for the particles. The best observations available are those 
of 10Be, which is in fact a secondary particle, that is a product of the 
spallation of heavier primary particles. For a particle of secondary 
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origin, S(z) is proportional to the equilibrium density of the primary 
species in the Galaxy. If the disc is much smaller than the halo the 
equilibrium density of primaries is very nearly uniform across the disc. 
Outside the disc Sis zero, as it is assumed that there is no interstellar 
matter present there to cause spallation. Equation II.44 thus becomes: 
-n + S=O 
'?:,. 
The solution to equations II.45 is: 
where: 
J_ = 
I 
....... J. 
\el ~ o. 
(II.45) 
o.~lei<D 
(II. 46) 
Note that ~r is the time scale for the decay of a relativistic particle 
as seen in the observers rest frame, that is "'Z'r = ~ '?::: ro• where 1:'ro is 
the decay time in the partie les rest frame and '6 is the usual 
relativistic time-dilation factor. To find the flux that would be 
present, were there no radioactive decay, the value of 't r in 
equation II.46 is taken to infinity: 
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(II. 47) 
where: 
Dividing equation II.46 by II.47 and setting z 
surviving fraction of particles, f: 
0 gives the theoretical 
} J •( o~ ~ ! { 1 - eo•'-•a. •Ji:"K t~.h tg S; .... • .] l r'o(O~ T' {-:--~----------..i.........,~-~7.=-
c.osl.. «1o.. ..-«' ( 1>-... ) ,.: ... \.. "'' o.. J 
(II. 48) 
where: 
..,( I ::. I I [T• K 
However, from equation II.36 K can be expressed as a function of D, given 
the grammage X and the disc height a. So, substituting in equation II.48 
for K gives an expression for f dependent only on the unla10wn value D: 
(II.49) 
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where: 
&::. 
and: 
r l + t 
3 ,_-..... -" .... --,-<...-E-
7 = I <"" > I _A. -?:",.. } e) 
The graph of f versus D for 1 ~e, obtained using equation II.49, is shown 
in figure II. 9 (F = 1 curve). 
If we take the diffusion coefficient in the halo to be F times that in 
the disc, then the surviving fraction at the Earth becomes: 
where: 
and: 
E = ..... F 
\)-o.. 
(II. 50) 
The curves of f as a function of D/a for 1 OBe at particular values of F are 
shown in figure II.9. Values of X = 6gcm-2, A i = 9.3gcm-2 
(Hagen et al. 1977) and Ar 4. 4gcm-2 were used, where Ai = (:l <A >mHc p ~i 
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and Ar = p <A>mHc~ 't'r, a value for p <A> of 1.53amu cm-3 being used. As 
can be seen from the figure, if a value of 0.14 is taken for the observed 
1 0Be surviving fraction f then a lower limit to the halo of 7. 6kpc is 
indicated. This would require a diffusion coefficient K of ~5x1o2 9cm2 s- 1 
in both the disc 9.nd halo, \•rhich corresponds to g mean free pH th for 
scattering of ).. = 27pc. 
As we have seen, these models all give path-length distributions, or 
disc-age distributions, that have essentially an exponential form. 
However, it has been mentioned before that in order to get the best fit to 
the observed relative abundances it is best to have a distribution which 
is exponential but is truncated to zero for grammages less than 1 gcm-2. 
Such a distribution could possibly arise in two ways. Either the 
particles traverse the first 1gcm-2 of grammage within the sources of the 
particles themselves, and hence no particle can have a lower grammage than 
this at the Earth, or there are no sources of cosmic rays near the Sun, so 
that any particle produced must have at least accrued some grammage in 
travelling across the source-free region. 
The former process would make little difference to the treatment 
outlined above, as the only change needed would be to take the mean 
grammage built up in the Galaxy to be 5gcm-2 instead of 6gcm-2. In the 
latter case the model could be adapted to simulate such a situation by 
introducing a gap in the source function for I zl < b < a. The disc-age 
distribution would then be expected to rise to a maximum at ~ D --b2 / K. 
If D » a, then equation II.35 simplifies to: 
(II. 51) 
So if "rDmax: < "Z:'n> is approximately 1 6 then: 
157 
Hence: 
,1. __ .D 
0 ~ 
b 
:. l 
b 
(I I. 52) 
As b < a, this implies that D < 600pc. But this is inconsistent with the 
value for D obtained from the 1C13e surviving fraction. Clearly, such a 
simple one-dimensional model for the Galaxy is not capable of fully 
explaining all the observations. 
One possible solution would be to use a two-dimensional model with a 
source gap in the plane of the disc as in figure II.10. For particles that 
have large ages (~D >> b2/K) the disc-age distribution should be 
essentially the same as that for the one-dimensional case, as the majority 
of such particles will have diffused from parts of the model which have a 
similar configuration to the one-dimensional model. Also, there will be 
no short-grammage particles in such a model; the most probable disc-age 
being - b2 /K as before. To satisfy the observations a value of b ~ 400pc 
would be required. 
The density of the non-interacting primary particles in such a two-
dimensional model can be obtained from the solution of: 
(II. 53) 
with: 
where: q...(x) : I 
=0 
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Figure IL10. The two-dimensional model of the Galaxy with a source gap in 
the disc. 
The solution of equation II. 53 is: 
-b < ~ < b 
(II. 54) 
The form of this distribution is shown in figure II.11. The density of 
primary particles is, to a good approximation, constant throughout the 
region 1 zl < a, for any particular value of x. The source distribution for 
secondary particles, assuming zero densities in the halo, is very similar 
to that postulated for the one-dimensional model, with only a slight drop 
in intensity around the region of the gap. So the 1 ~e surviving fraction 
predicted using this model should be essentially unchanged. Such a model 
could thus explain the cosmic ray observations, and may in fact be 
physically realistic if the sources of cosmic rays are associated with the 
arms of the Galaxy and the Sun is situated in an interarm gap. 
It must be noted, however, that the actual arms of the Galaxy are of 
finite width in the x direction, and so a much more complex situation than 
that considered above would need to be investigated. 
II.2..4 'nhe Closed-Galaxy Model 
Rather than have the free escape of particles from the boundary of the 
halo, several workers have adopted a model in which the cosmic rays are 
reflected back into the disc and never escape the Galaxy. 
Rasmussen & Peters (1975) were the first to use such a model, which they 
called the 'equilibrium plus local source' model. 
They assumed that there exists a large galactic containment volume, in 
which the cosmic rays are confined by some sui table configuration of 
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Figure !!.11: The primary cosmic ray density distribution, n(x,z), as a 
function of z, at various values of x, for the two-dimensional model of the 
Galaxy with a source gap. 
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magnetic fields in the halo. All complex nuclei in the Galaxy would 
eventually be destroyed by spallation and would finally end up as protons, 
which would then lose their energy by ,-o production and Bremstrahlung 
emission. In the Galaxy as a whole, then, the cosmic ray primary particles 
would be in equilibriwn with their fragmentation products. Tile observed 
composition of cosmic rays is, however, not representative of the expected 
equilibrium composition and so, in addition to this background flux, they 
proposed that a 'young' local source of cosmic rays also contributes to the 
observed flux. Particles from such a source, arriving at the Earth, would 
be expected to have travelled through little intervening matter and hence 
their relative abundances should be far from the equilibrium values. The 
local source flux composition was taken to be the same as the average of 
the background sources, but a factor of K greater in absolute value. The 
background source composition could then be determined from the observed 
flux, given the values of the spallation cross-sections: 
(II. 55) 
where Sn is the relative source strength for species n, Fn is the observed 
flux of species n, ern is the total destruction cross-section for species 
n and 0"' ni is the partial production cross-section of species n from 
species i. This formula holds for complex nuclei, but for n < 4, that is 
hydrogen and helium, it needs modifying to take into account the 
evaporation of these particles from more complex nuclei as well as their 
being the residuals of a spallation sequence. The value for K was 
obtained by minimising the amounts of lithi~, beryllium and boron needed 
from the source. 
The main feature of the source composition derived from such a model is 
the low value of the proton component. In other words, the protons seen at 
the Earth are predicted to be mainly secondary in nature. The predicted 
fluxes of boron and the sub-iron group using the derived source 
composition are also much lower than the observed values. A further 
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problem with the closed-galaxy model is that the energy dependence of the 
observed composition is not predicted by the model as it stands, the 
latter being largely independent of energy. 
To obtain the correct ratio of iron to the sub-iron group, 
Rasmussen & Peters suggest that the 'young' flux has in fact undergone some 
matter traversal, a mean value of the order of 1 to 2gcm-2 being necessary. 
However, even then the boron flux remains too low. To obtain the observed 
energy dependence of the Li, Be, B versus C, N, 0 ratio, they propose that 
the energy spectrum of the local source is slightly flatter than the 
average of the distant sources, thus the ratio would decrease with 
increasing energy as observed. 
A further problem with this model is its reconciliation with the 
observed positron flux and gamma ray data. French & Osborne ( 1 976b) point 
out that in order to fit the positron flux observed between 1-100GeV, an 
optimum gas density of 0.1 cm-3 and a solar modulation constant 
Emod = 2.3GeV must be assumed. [Solar modulation factor = exp(-Emod/E) 
for E > 1 Ge V.] However, this situation then predicts four times the gamma 
ray flux actually seen in the direction of the anticentre. 
Peters & Westergaard (1977) have proposed a refined version of the 
closed-galaxy model in which the cosmic rays are injected by sources 
located in the spiral arms of the Galaxy, but which then diffuse out to 
uniformly fill the whole of the containment volume of the Galaxy, 
producing the 'background' flux. The essential features of their model are 
as follows: 
( i) Cosmic rays are emitted by individual sources. 
( ii) The sources are uniformly distributed in the spiral arms, new ones 
arising in much less than the lifetime of particles in the Galaxy. 
(iii) The magnetic field lies along the arms, so that particle drift 
takes place along an arm. 
( iv) The drift of particles across an arm is slow comp:tred to the 
longitudinal drift. 
(v) Outside an arm diffusion takes place relatively rapidly, producing 
a uniform flux of particles throughout the disc and halo. 
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(vi) In the halo, cosmic rays of all energies are retained by some 
sui table configuration of magnetic fields. 
(vii) The Solar System is situated within a spiral arm. 
The observed flu.x 9.t the Sun 1o!ill thus consist of .Q "'i.Tf"\11110 
-- .; ....,. ""'""'"'0 
from the nearby sources in our spiral arm, and an old 'equilibrium' 
component, which pervades the whole Galaxy. Using this model, 
Peters & Westergaard conclude that a possible set of parameters for the 
Galaxy is as follows. The fraction of gas in the spiral arms is 1% of the 
total gas of the Galaxy. The thiclmess of the arms is 240pc, and the 
density of gas in the arms is 1.2cm-3. They also suggest that the 
longitudinal magnetic field in the arms is 7~G. These values predict a 
residence time of 3. 6x1 o6years for particles in the arms, and a grammage of 
6.6gcm-2. This is similar to the residence of particles in the disc for 
the leaky-box model. In fact, Cesarsky (1980) points out that cosmic ray 
observations at energies below 1000GeV would not be able to distinguish 
between the closed and leaky-box models of the Galaxy. 
The energy dependence of the composition using this model is consistent 
with that observed, and needs only a single power-law spectrum for 
particles at their source (unlike the simpler model of 
Rasmussen & Peters (1975)). However, one difficulty with this picture is 
in the placing of the Sun in a spiral arm. Several workers modelling the 
synchrotron radiation produced by the Galaxy conclude that the Sun is best 
placed in an interarm region (Price 1974, Paul et al. 1976, Brindle et al. 
1978). This is also reinforced by the findings of the present work given 
in chapter 6. Even if the Sun is placed in one of their narrow spiral 
arms, it is very difficult to reconcile their model with the observed 
level of synchrotron emission from the Galaxy. Outside the arms there are 
essentially no primary electrons in the closed Galaxy model due to their 
high rate of energy loss compared to nucleons. The intensity of secondary 
electrons in equilibrium with the flux of 'old' cosmic ray nuclei outside 
the arm can be no more than a few per cent of the intensity of primary 
electons inside. Thus the synchrotron emissivity outside their spiral 
arms must be very low. However, the observed level of synchrotron 
radiation in the anticentre direction requires that the emissivity 
averaged over the line of sight is appreciably higher than the local 
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value, while the Peters & Westergaard model must give a very much lower 
average than the local value. 
IL2.5 'llhe One-Dimensional Diffusion Model with Convective Halo 
Johnson & Axford ( 1 971 ) first suggested that the emergence of cosmic 
rays and magnetic fields from the Galaxy could give rise to an expanding 
galactic corona. They saw the halo as a dense subsonic component with the 
cosmic rays escaping in a supersonic outward flow. Such a galactic wind 
would essentially need to be driven by a gas pressure gradient at the disc 
boundary, sufficient to overcome the effects of gravity. 
Ipavich (1975), on the other hand, proposed that a galactic wind could 
be driven by the cosmic rays alone. They in turn would be coupled to the 
gas via the production and damping of magneto-hydrodynamic waves; the net 
result being that the cosmic rays would drag along the thermal gas, 
accelerating it to produce a galactic wind. Using a simple geometry of 
radial magnetic field lines from the galactic centre, and gravitational 
acceleration proportional to the inverse square of the radial distance 
from the centre, Ipavich showed that such a model could produce a wind 
without requiring the high gas temperatures in the disc that previous 
models had needed. 
Jokipii ( 1 976) proposed a model in which the effects of expanding 
Parker bubbles in the halo, and of galactic winds as proposed by Ipavich, 
lead to a dynamic halo where the scattering centres of the cosmic rays 
were being continually convected outwards at some constant velocity V. 
Owens & Jokipii (1977) considered a one-dimensional model for the Galaxy 
in which cosmic rays undergo pure diffusion in the disc, with a diffusion 
coefficient ~ but which undergo both diffusion and convection in the halo 
up to some height D beyond which the particles escape freely into 
intergalactic space (figure II.12). They assume a density for the 
interstellar gas of nH = 2atoms cm-3 in the disc and nH = 0 in the halo. 
The cosmic rays are assumed to be produced by a uniform distribution of 
sources in the disc, which is taken to be of thickness 2a. The cosmic ray 
density was assumed to fall to zero at the halo boundary, 1 z1 = D. 
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Figure IL 12: The one-dimensional model of the Galaxy with a convective 
halo. 
The steady-state transport equation for the cosmic ray density n in 
such a model is: 
(I I. 56) 
where Q(z,T) is the source density and T is the particle kinetic energy. 
V(z), the convection velocity, is taken to be zero in the disc and a 
constant V0 in the halo. The ~V/~z term is to take into account the 
adiabatic transfer of energy from the cosmic rays to the gas on crossing 
the convective/non-convective boundary. Owens & Jokipii did not solve the 
equations analytically but investigated the model by means of a Monte 
Carlo simulation of the process, in which diffusion was simulated by a 
one-dimensional random walk. 
It is, however, possible to solve the above equation directly 
(Freedman et al. 1980) producing analytical expressions for the observable 
quantities of interest in such a model. The total-age distribution may be 
found using the same method as described in section II. 2. 3, which was for a 
non-convective halo. The transport equation and boundary conditions now 
become: 
(II. 57) 
where: 
Q(,.J T) = Q
0
T -r l'l.l< 0. VC"f) :: 0 \-:&\ < 0. 
:.0 a.<li:I<D ::0 Vo .,.<.\i:-1<0 
Kc"J = K \1\ < 0.. ~::ru· = ~:v·(:t) 
F='K o.<l~l < t> t ...... -~ 
~(.D) ::.. 0 
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assuming that n = n
0
(z)T-r. 
The total-age distribution for such a model is now found to be: 
cO 
1'\(l-,~) = 2_ A .. cas "';_l: V<f(- ~-~~~ 
i'\:1 
where: 
and ~ are the roots of: 
~ = .. 
(II. 58) 
The dimensionless quantity q = V 
0
D/K gives a measure of the relative 
strength of convection compared to diffusion, and y = D/a gives the ratio 
of the disc to the halo size. The form of the distribution for some 
selected parameter values is shown in figure 11.13. The mean value of the 
total age at z = 0 is: 
(II. 59) 
where: 
The grammage, or disc-age, distribution for such a convective halo is 
essentially the same as before (equation 11.28): 
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Figure II.1Y. Examples of total-age distributions for sets of propagation 
parameters, all of which would give the 1 observed 1 values, X = 6gcm-2 and 
fs = 0.14 at f3 = 0.65. The left-hand scale refers to the curves F = 1: 
the right-hand scale is for F = 10. The arrows mark the mean total ages. 
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n(~,-~) = ~. 8., c.o( ot~!) ~f{-«~:~1:1 (II. 60) 
where: 
and the cXn' s are the roots of: 
but now t: is given by: 
(Compare with equation II. 43.) 
The mean disc age of this distribution, observed at the Earth ( z 0) 
is: 
+ c J 
't-"'- + 1'2.. E 
(11.61) 
which is the same as before but with € as defined in the previous 
equation. 
The grammage X, as before, is given by: 
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+ .l. 
3 + E J ~ (II. 62) 
If the homogeneous model value of X = 6gcm-2 at (!, = 0. 65 is taken, then a 
graph of K against V0 , for various values of D, for fixed F, can be obtained 
(figure II.14). The disc half-thickness was assumed to be 95pc as before. 
If the value of K is constrained to be greater than 1.95x1o27cms- 1 then 
it can be seen that V0 must be less than 17kms-
1
, providing an upper limit 
to the strength of convection possible for a dynamic halo. 
If y is taken to infinity, that is the disc is assumed to be 
infinitesimally thin compared to the halo, then the above analytical 
results are equivalent to those obtained by Jones (1979). If the 
diffusion coefficient K is a constant with energy, that is the path length 
is energy dependent, then it can be seen from equation II.62 that the 
mean grammage traversed increases linearly with f.. If, however, a more 
reasonable energy dependence is assumed, in which K j!> K0 , where K0 is 
independent of energy, then the variation of grammage obtained is more 
like the actual observed behaviour. 
The substitution of an energy-dependent K after solving the dynamical 
halo transport equation, assuming it to be energy independent, is not 
strictly correct. However, the error involved is small as has been shown 
by Kota & Owens ( 1 980 ), who have numerically solved the energy-dependent 
diffusion equations for a dynamic halo model. 
As with the previous model, the 1 ~e surviving fraction can be obtained 
for a galaxy with a convective halo: 
[ 1 - \/[co' h ~ + & s:~~ ~{( ~)5 + ;/r~~~ ~~}]J (I I. 63) 
{ I - I /[ ~J +- j ~·--h) J 
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Figure II.14: The values of diffusion coefficient, K0 , and convection 
velocity, V 0 , allowed, for the case F = 1, by the observed grammage, X, and 
surviving fraction, fs, of 10Be at {!> = 0.65. The solid lines show the 
variation of K0 with V0 for various assumed halo sizes, D, that lead to 
X = 6gcm-2. The dashed lines show the restriction on the ranges K0 , V0 and 
D imposed by a given f s· 
where: 
/ = 
E = 
If F is chosen and a value for a of 95pc is used, then f is a function of 
V, D and K. Likewise, it was shown that the grammage X was also a function 
of V, D and K, given F and a (equation II.62). So, between the two 
equations it is possible to eliminate one of the three variables V, D and K 
to obtain a functional relationship between the remaining two, such that 
both the observed grammage and survival fraction for 1 C13e are predicted. 
The relationship between the ratio y = D/a and V0 is shown in figure II.15. 
It can be seen from this figure that an upper limit to the velocity of 
convection, for a given value of F and f, is implied. For values of the 
1 0Be survival fraction f less than about 0. 3 this limiting velocity is 
about 16kms-1• The limit for f is 0. 55, which corresponds to a free escape 
at the disc boundary, this value imposing no upper limits to the 
convection velocity. The relationship between K0 and V 0 , obtained for 
various values of f, is shown in figure II.14. What is notable about this 
relationship is that, for a given value of f, the value of K required 
varies little with the convection velocity, even as this approaches its 
limiting value. If f is taken to be less than about 0. 33, at 
300MeV/nucleon, as the evidence to date indicates, then this implies that 
K0 is greater than 10
28gcm-2, and the convection velocity cannot be 
greater than 16kms-1. Taking the most likely value of f = 0.14, then 
K~5.85x1o28cm2s- 1 ifF= 1 and K~1.1x1028cm2s- 1 ifF= 10. The lower 
limit to the halo size, which occurs when q = 0 (that is no convection) is 
found to be 7.6kpc for these values. 
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Figure II.15: The ratio of halo to d.:.sc size, y, which gives the observed 
grammage and a fixed 1 0Be survival fraction, fs, as a function of the 
convection velocity, V0 , in the halo. The relationship is shown for 
various values of fs and ~ the ratio of halo to disc diffusion 
coefficient. 
II.3 Implications for Galactic Structure 
From the observed properties of the cosmic rays seen at the Earth, it is 
thus possible to get some idea of the large-scale characteristics of the 
From the isotopic the homogeneous model predicts the 
mean density of gas in the confinement region to be an order of magnitude 
smaller than the locally observed value, which implies that the cosmic 
rays permeate a low-density halo at least five times wider than the disc. 
From more detailed diffusion models it is clear that, to explain both the 
isotopic composition and the 10Be data, the halo must be larger than 7kpc. 
If the Galaxy has a dynamical halo, as proposed by Jokipii ( 1 976 ), then 
there are indications that the maximum net outward drift should be no more 
than 16kms-1• 
The detailed structure of the isotopic composition of the cosmic rays 
requires that a truncated path-length distribution be used (Garcia-
Munoz 1977b). This implies that either the particles are trapped in the 
sources for a while before being released (nested leaky-box model), or 
perhaps that the Sun is in a gap in the source distribution. If the 
sources are associated with the spiral arms, this suggests that the Sun is 
in an interarm region. 
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APPENDIX III 
Programs 
This appendix gives a detailed description of the main programs used in 
calculating the synchrotron emission of the various models presented in 
this thesis, as well as some of those used in handling the observational 
data and in presenting the results in graphical form. The 
interrelationship between the main programs has been outlined in 
chapter 5 and is shown in figure 5.~ 
The programs themselves were written in FORTRAN and were designed to 
run on the NUMAC (Northum brian Universities Multiple Access Computer) 
system. This employed a mainframe IBM370/1 68 computer running the MTS 
(Michigan Terminal System) operating system. 
For the graphical portions of the programs use was made of the GHOST 
graphical output library. This was, in some cases, used in conjunction 
with the IG (Integrated Graphics) library to provide interactive graphics 
facilities. For the production of contour maps the package GPCP (General 
Purpose Contouring Package) was employed. 
In the documentation that follows the purpose and usage of each program 
is described, and an example is given of a typical run. After this there 
is a schematic representation of the structure of the program, outlining 
the main routines involved and their interrelationship. This is then 
followed by a listing of the program itself. 
The descriptions of the individual programs are given in alphabetical 
order. 
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CHEBY 
Contents 
Source file of Chebyshev polynomial program. 
Pu~pose 
To produce the Chebyshev polynomial coefficients corresponding 
to the input positions of the arm. The program also makes a plot 
of the arm using the Chebyshev polynomial coefficients as calcul-
ated. These coefficients are as used by the SYNP program. 
Logical I/O Units Referenced 
4 - output file of coefficients 
5 - default terminal input 
6 - default terminal output 
9 - output plot file 
Usage 
Compile using *FTNX. To run use the £RUN command and 
concatenate the object file with *GHOST (or *IG+*GHOST)-• When the 
program is running the following parameters will be prompted for, 
in order: 
PHI¢(in degrees) (Fl0.4) 
DPHI(in degrees) (Fl0.4) 
R(phi¢ )(kpc) (F5.1 ) 
R(phi¢-15°)(kpc) (F5.1 ) 
. 
R(phi¢-dphi)(kpc) (F5.1 ) 
The program then calculates the coefficients and outputs them to 
unit 4, in the order: 
PHI¢, DPHI, ¢th order coefficient, 1st order coefficient, 
2nd order coefficient 
CHEBY: page 1 
These are written one to a line in columns 1 - 10 such that they 
are in the same format as the first arm in the arms file used by 
SYNP. 
Then a plot description of the arm is generated on unit 9, 
which can be viewed using *PLOTSEE or *DURPLOT (or immediately if 
*IG has been concatenated). The run will then end. 
Description 
The arm is specified by its distance from the centre of the 
galaxy at intervals of 15° in phi. Phi is the angle measured clock-
wise from the sun - galactic centre line. The arm can then be 
expressed as a linear combination of chebyshev polynomials. This 
produces the smallest maximum deviation from the true line of the 
arm (see Hildebrand, F.B., 1974, Numerical Analysis, p469). For 
n points, the variation of arm radial position with phi is given 
by: 
where 
and 
e = (¢o- ¢) '1T' + "'T" 
15 n 2n 
n 
ck = _g_ 2: Rmcos(k(2m-l)"Tf) 
n m=l ( 2n ) 
k ~ 0 
n 
c = l !Rm 0 
n m=l 
where R is the R value 
m 
Of th th . t e m po1.n 
The ck are the coefficients of the Chebyshev polynomial expansion, 
and these are the arm parameters written to unit 4. 
To see the arm produced by these coefficients the file on unit 
4 is rewound and read in again, the R values of the arm are 
CHEBY: page 2 
calculated every degree in phi and a curve drawn from these. 
Example 
Assuming CHEBY has been compiled by *FTNX, and the object 
file is in -LOAD: 
£run =load+*ig+*ghost 4=arms8 9=-plot 
PHI IS MEASURED CLOCKWISE FROM THE 
LINE THROUGH THE SUN & THE G .C. 
PHI¢? 
DPHI? 
90. 
90. 
R( 90.0)? 
4-
R( 75o0)? 
4· 
R( 60.0)? 
4· 
R( 45.0)? 
4· 
R( 30.0)? 
4· 
R( 15.0)? 
4· 
R( 0.0)? 
4· 
This run will produce the arm parameters for an arm which is the 
first quadrant of a circle of radius 4 kpc., and will put these in 
arms8. Then, because *IG was concatenated, it will draw the curve 
of the arm on the screen and ask if this plot is to be saved on 
-plot. This run will take typically a few seconds of cpu. time. 
The arms file generated is one page long. 
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Program Structure 
cheby 
input 
coeffs 
plot 
(paper ) 
(redpen) 
(pspace) 
(map ) 
armpts 
ptr 
(ptplot) 
(gpoint) 
(ctrset) 
(plotnc) 
(broken) 
(positn) 
(circle) 
('full ) 
(grend ) 
brackets indicate *GHOST routines. 
posarm 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
lS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
C**************************************************************** 
c• * C* CHEBY - CALCULATES CHEBYSHEV COEFFICIENTS OF ARM * 
c• * 
C**************************************************************** 
c 
DIMENSION FC25>,C<25> 
COMMON /DATA/PI 
REAL*B PHI0,DPHI,C,F 
DATA C/25liE0.0/ 
PI•3.141593 
CALL INPUT<F,PHI0,DPHI> 
PHI0=PHI0liEPI/l80.0 
DPHI=DPHI*PI/180.0 
C CALC NUMBER OF POINTS SPECIFI~D 
NPTS=DPHI/15.0+1.01 
CALL COEFFS<F,C,NPTS> 
CALL OUTPUT<PHI0,DPHI,C> 
CALL PLOT 
STOP 
END 
c 
c 
c 
C**************************************************************** C INPUT - GETS ARM PARAMETERS 
c 
SUBROUTINE INPUT<F,PHI0,DPHI> 
DIMENSION F< 25) 
REAL*B PHI0,DPHI,F 
C THE POINTS DEFINING AN ARM MUST BE GIVEN EVERY 
C 15 DEGREES IN PHI. THE STARTING ANGLE PHI0<DEGREES) 
C IS THE CLOCKWISE EXTREMITY OF THE ARM, AND THE 
C POINTS ARE INPUT ANTICLOCKWISE FROM THIS. DPHI IS THE 
C ANGULAR EXTENT OF THE ARM AND MUST BE A MULTIPLE 
C OF 15 DEGREES. 
c 
c 
c 
c 
WRITE<6,1000) 
1000 FORMAT(' PHI IS MEASURED CLOCKWISE FROM THE'/ 
8.' LINE THROUGH THE SUN 8. THE G. C.' > 
WRITEC6,1010) 
1010 FORMAT(' PHI0?'/' DPHI?' 
READ<5,1020>PHI0,DPHI 
1020 FORMATCF10.4) 
N•DPHI/ 15. 0+1. 01 
DO 10 I•l,N 
PHIX•PHI0-CI-1>*15.0 
IFC.NOT.<PHIX.LT.0.0)lGOTO 20 
PHIX•PHIX+360.0 
20 WRITE<6,1030lPHIX 
1030 FORMAT(' RC' ,F5.1,' )7') 
READ< 5, 1040 lFC I> 
1040 FORMATCF10.4) 
10 CONTINUE 
RETURN 
END 
C**************************************************************** C COEFFS - CALCULATES CHEBYSHEV COEFFS FROM ARM POINTS SPECIFIED 
c 
c 
c 
SUBROUTINE COEFFS<F,C,NPTS> 
REAL*B FC25>,CC25) 
COMMON /DATA/PI 
DO 10 K•l,NPTS 
DO 20 J•l,NPTS 
10 CCKl•CCKl+2*F<J>*COS(((K-1>*<2*J-1l*PI/C2*NPTSll)/NPTS 
CCll•CCll/2,0 
RETURN 
END 
c 
C**************************************************************** C OUTPUT - WRITES ARM COEFFICIENTS TO UNIT 4 
c 
c 
c 
c 
SUBROUTINE OUTPUTCPHI0,DPHI,C> 
REAL*B PHI0,DPHI,CC25) 
WRITEC4,1000lPHI0,DPHI,C 
1000 FORMATCF10.6l 
RETURN 
END 
C**************************************************************** C PLOT - PLOTS ARM FROM COEFFS IN FILE ON UNIT 1 
c 
SUBROUTINE PLOT 
DIMENSION RC36ll,PHIC361>,XC361l,YC361l 
DIMENSION ARMC27,9) 
REWIND 1 
READ<1,1000lCARM<I,ll,I•1,27l 
1000 FORMATCF10.6l 
96 CALL PAPER<!> 
97 CALL REOPEN 
98 CALL PSPACE<0.0,1.0,0.0,1.0> 
99 CALL MAP<-20.0,20.0,-20.0,20.0> 
100 DO 10 Nm1,1 
101 CALL ARMPTS<ARM,R,PHI,IMAX,N> 
102 CALL PTR<R,PHI,X,Y,IMAX> 
103 10 CALL PTPLOT<X,Y,l,IMAX,-2> 
104 C DRAW SUN &GALACTIC CENTRE 
105 CALL GPOINT<0.0,10.0> 
106 CALL CTRSET<4> 
107 CALL PLOTNCC0.0,10.0,54) 
108 CALL PLOTNC<0.0,0.0,45> 
109 CALL CTRSET<1> 
110 C DRAW !5 KPC CIRCLE 
111 CALL BROKEN<5,5,5,5> 
112 CALL POSITNC0.0,0.0> 
113 CALL CIRCLEC15.0> 
114 CALL FULL 
115 CALL GREND 
116 RETURN 
117 END 
118 c 
119 c 
120 c 
121 C**************************************************************** 122 C ARMPTS - FILLS ARRAY WITH R & PHI VALUES OF ARM N 
123 SUBROUTINE ARMPTS<ARM,R,PHI,IMAX,N> 
124 DIMENSION RC36l>,PHIC36l>,ARMC27,9) 
125 COMMON /DATA/PI 
126 c 
127 IMAX•ARM<2,N)/PI*180.0+1.01 
128 DO 10 I~l,IMAX 
129 PHI<I>aARM<l,N>-<I-1>$PI/180.0 
130 10 CALL POSARM<ARM,PHI<I>,R<I>,N> 
131 RETURN 
132 END 
133 c 
134 c 
135 c 
136 C**************************************************************** 137 C POSARM - FINDS R VALUE OF ARM N AT PHI 
138 SUBROUTINE POSARM<ARM,PHI,R,N> 
139 DIMENSION ARMC27,9> 
140 COMMON /DATA/PI 
141 c 
142 Rm0 
143 ALPHAmARM<l,N>-PHI 
144 IF<ALPHA.GE.0.0>GOTO 10 
145 ALPHA=2•PI+ALPHA 
146 10 IF<ALPHA.GT.ARM<2,N>>GOTO 30 
147 KMmARM<2,N)/0.261799+1.0 
148 THETA•PI*ALPHA/CKM*0.261799>+PI/C2*KM) 
149 DO 20 K=1,KM 
150 20 R•R+ARM<<K+2>,N>*COS<<K-l>*THETA> 
151 30 CONTINUE 
152 RETURN 
153 END 
154 c 
155 c 
156 c 
157 C**************************************************************** 158 C PTR - POLAR TO RECTANGULAR CONVERSION 
159 SUBROUTINE PTR<R,PHI,X,Y,IMAX) 
160 DIMENSION RC361>,PHIC36l>,X<361),Y(361> 
161 c 
162 DO 10 I•1,IMAX 
163 X<I>=R<I>*SIN<PHI<I>> 
164 10 Y<I>=R<I>*COS<PHI<I>> 
165 RETURN 
166 END 
CONAV 
Contents 
Source file of convolving and averaging program. 
Purpose 
To convolve the 408 MHz. observations with a larger gaussian 
beam profile, and/or obtain averages of sections of the data. 
Logical I/O Units Referenced 
Usage 
5 - default terminal input 
6 - default terminal output 
8 -output file, default is -DU~~ 
10 - output mapfile (must be sequential) 
11 - input tape of observations 
Compile using *FTNX. To run use £RUN command. Hhen the 
program is running it will prompt for the operations required. All 
numerical input is in the form nnn., with no spaces before the 
first digit. 
The input to unit 11 is the tape QPHKlB, mounted on, for 
example, *T*. The output mapfile on unit 10 is of the usual form, 
see the CO~NP description. The output to unit 8 is as specified in 
the run command, or if no assignment was made, the file -DUMP is 
created and atta ched. The format of the output to this file is 
the same as is described in CONVP. 
Description 
If wanted, the program convolves the area specified with a 
gaussian beam having the half power beam width specified. When 
convolving, it takes ~WTS and NPTS either side of the central 
data point, in latitude and longitude respectively. MPTS and NPTS 
CONAV: page 1 
are both 12 at present, so 169 points in all are taken into account 
for each reconvolved temperature. 
In the main part of the program M ~s the latitude index, and 
N is the longitude index, however, in the subroutine ALOAD, they 
are reversed. 
The averaging, if required, can be either over the latitudes 
or the longitudes of the area specified. The map produced will 
thus be a profile at one particular latitude or longitude, which 
is taken to be the origin in either case. Thus an average over 
latitude will result in a profile at b=0° and an average over 
longitude will result in a profile at 1=0°. 
The extragalactic background of 6K is subtracted from the 
observations before producing the final map. 
Example 
Assuming CONAV has been compiled by *FTNX, and the object 
file is -LOAD. 
£run -load 10=-m ll=*t* 
LOWER LONGITUDE? 
UPPER LONGITUDE? 
o. 
60. 
LOWER LATITUDE? 
UPPER LATITUDE? 
-10. 
10. 
CONVOLUTION? (Y/N) 
y 
HALF POWER BEAM WIDTH?(MINUTES) 
270. 
AVERAGE? ( Y/N) 
y 
AVERAGE LATITUDES OR LONGITUDES? 
la 
This will produce in map file -M, a longitude profile at 0°latitude, 
of the region 0° to 60°, convolved with a beam of width~ degrees 
and averaged from -10° to 10° latitude. 
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To obtain a plot of this, the program PRFL is used with -M 
to produce a plot file, which can then be used with *DURPLOT or 
*PLOTSEE. 
A record of this profile is also written to uni~ 8, which is 
attatched to -DUMP. 
Program Structure 
conav 
input 
size 
aload 
answer 
convar 
avrage 
output 
slashed indicate system routines. 
mapnum 
posmap 
lng 
screen 
openf 
/btd I 
/cntrl / 
/chkfdb/ 
/setlio/ 
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1 C**************************************************************** 
2 Clll !II 
3 C* CONAV - CONVOLVING & AVERAGING PROGRAM !II 
4 c• • 
5 C**************************************************************** 6 DIMENSION ARRAY0C600,150>,ARRAY1Cl50,600>,ARRAY2Cl50,600) 
7 EQUIVALENCE <ARRAY0<l>,ARRAY1<1>> 
8 DIMENSION AVS<600) 
9 INTEGER ANSWER,ANS,YES/'Y'/ 1 NO/'N'/ 1 rLAG 
10 COMMON /DATA/PI 
11 DATA LAT,LONG/'LA' ,'LO'/ 
12 c 
13 MPTS-12 
14 NPTS•12 
15 Pio4,0~ATANC1.0) 
16 CALL INPUT<ALONGl,ALONG2,ALATl,ALAT2,FREO,HPBW,RESL,RESB> 
17 CALL SIZE<ALAT1,ALAT2,ALONG1,ALONG2,RESB,RESL, 
18 &MLIM,M0,NLIM,N0,MPTS,NPTS> 
19 ALNl=ALONGl-NPTS/RESL 
20 IF<ALNl.LT.0.0>ALNl•ALN1+360.0 
21 ALN2•ALONG2+NPTS/RESL 
22 Ir<ALN2.GE.360.0lALN2=ALN2-360.0 
23 ALTl=ALAT1-MPTS/RESB 
24 ALT2•ALAT2+MPTS/RESB 
25 DB•PI/C180.0*RESB> 
26 DL•PI/C180.0*RESL> 
27 CALL ALOADCALN1,ALN2,ALT1,ALT2,ARRAY0,NU,MU) 
28 c 
29 C TRANSFORM ARRAY PRODUCED BY ALOAD TO rORM USED 
30 C BY SUBSEQUENT ROUTINES. SUBTRACT BACKGROUND. 
31 c 
32 DO 5 N•1,600 
33 DO 5 M•1,150 
34 5 ARRAY2<M,N>•ARRAY0<N,Ml-6.0 
35 DO 7 N•l,NU 
36 DO 7 M=l,MU 
37 7 ARRAY1CM,Nl•ARRAY2CM,NU-N+l) 
38 c 
39 C INTERROGATE rOR CONVOLUTION, 
40 C CHOOSE TO CONVOLVE OR NOT. 
41 C Ir CONVOLUTION - THEN INPUT HALr POWER 
42 C BEAM WIDTH AND PERrORM CONVOLUTION. 
43 c 
44 10 WRITEC6,1000l 
45 1000 FORMAT<' CONVOLUTION? ( Y /N )' ) 
46 1:-CANSWERCANS,ll.EQ.YESlGOTO 20 
47 IFCANS.EQ.NO>GOTO 30 
48 GOTO 10 
49 20 WRITE<6,1005l 
50 1005 rORMATC' HALF POWER BEAM WIDTH? C MINUTES)' ) 
51 READC5,1006lHPBW 
52 1006 FORMATCr6.0l 
53 CALL CONVAR<ARRAYl,ARRAY2,M0,MLIM,N0,NLIM,MPTS,NPTS,HPBW, 
54 &DB, DL l 
55 GOTO 50 
56 30 DO 40 N•l,NU 
57 DO 40 M•1,MU 
58 40 ARRAY2<M,Nl•ARRAY1CM,Nl 
59 50 CONTINUE 
60 c 
61 C INTERROGATE roR AVERAGING. 
62 C CHOOSE WHETHER TO AVERAGE OR NOT, 
63 C IF AVERAGE - CHOOSE WHETHER OVER 
64 C LATITUDES OR LONGITUDES. 
65 c 
66 60 WRITE<6,1010> 
67 1010 rORMATC' AVERAGE? C Y /N )' ) 
68 Ir<ANSWER<ANS,l>.EQ.YES>GOTO 70 
69 IFCANS.EO.NOlGOTO 110 
70 GOTO 60 
71 70 WRITEC6,1020l 
72 1020 FORMAT(' AVERAGE LATITUDES OR LONGITUDES?' l 
73 IF<ANSWER<ANS,2l.EO.LAT>GOTO 80 
74 IFCANS.EO.LONGlGOTO 90 
75 GOTO 70 
76 80 FLAG•0 
77 M0•-(l+MPTSl 
78 MLIM=1+2JIIMPTS 
79 CALL AVRAGE<ARRAY2,l+MPTS,MU-MPTS,1+NPTS,NU-NPTS,AVS,FLAGl 
80 DO 85 N•1,600 
81 85 ARRAY2Cl+MPTS,N>=AVSCNl 
82 GOTO 100 
83 90 FLAG=! 
84 N0•-Cl+NPTS> 
85 NLIM•1+2*NPTS 
86 CALL AVRAGECARRAY2,1+MPTS,MU-MPTS,1+NPTS,NU-NPTS,AVS,FLAG) 
87 DO 95 M•l,150 
88 95 ARRAY2CM,1+NPTSl•AVSCM> 
89 100 CONTINUE 
90 110 CALL OUTPUTCARRAY2,M0,MLIM,N0,NLIM,MPTS,NPTS,RESL,RESB, 
91 &rREO,HPBWl 
92 STOP 
93 END 
94 c 
95 c 
96 c 
97 C**************************************************************** 98 C INPUT - GETS PARAMETERS fROM USER 
99 SUBROUTINE INPUTCLOLNG,HILNG,LOLAT,HILAT,fREO,HPBW,RESL,RESB> 
100 REAL LOLNG,LOLAT 
101 c 
102 RESL•3.0 
103 RESB~3.0 
104 fRE0-408.0 
105 HPBW•51.0 
106 WRITEC6,1000> 
107 1000 fORMAT(' LOWER LONGITUDE?'/' UPPER LONGITUDE?') 
108 READ<5,1010>LOLNG,HILNG 
109 1010 FORMATCf5.0) 
110 WRITE<6,1020) 
111 1020 fORMAT(' LOWER LATITUDE?'/" UPPER LATITuDE?' l 
112 READ<5,1010>LOLAT,HILAT 
113 RETURN 
114 END 
115 c 
116 c 
117 c 
118 C**************************************************************** 119 C SIZE - CALCULATES ARRAY SIZES AND SLIDE FACTORS 
120 SUBROUTINE SIZE<ALATl,ALAT2,ALONGl,ALONG2,RESB,RESL, 
121 &MLIM,M0,NLIM,N0,MPTS,NPTS> 
122 c 
123 MLIM•CALAT2-ALATl>*RESB+1+2*MPTS 
124 M0•ALATl*RESB-l-MPTS 
125 NLIM•<ALONG2-ALONGl>*RESL+l+2*NPTS 
126 If<NLIM.LE.0>NLIM•NLIM+360*RESL 
127 N0•ALONGl*RESL-l-NPTS 
128 RETURN 
129 END 
130 c 
131 c 
132 c 
133 C**************************************************************** 134 SUBROUTINE ALOADCLONGl,LONG2,LATl,LAT2,ARRAY,JXr,JYF> 
135 DIMENSION ARRAYC600,150>,MAPOBSC91,61> 
136 COMMON /PARS/YMAX,fREO,HPBW 
137 REAL LONG1,LONG2,LAT1,LAT2,MAPOBS 
138 c 
139 YMAX•l000.0 
140 fRE0-408.0 
141 HPBW•51.0 
142 CALL MAPNUMCLONG1,LAT1,MN1,-1> 
143 CALL MAPNUMCLONG2,LAT1,MN2,-1> 
144 CALL MAPNUMCLONG1,LAT2,MN3,1) 
145 M12•CMN2/12+1>*12 
146 IfCMN1.LE.MN2>GOTO 10 
147 MN2•MN2+12 
148 10 MAXY•CMN3-MN1>+1 
149 NU•C90+LAT2>*3+1+0.01 
150 NL•<90+LAT1>*3+1+0.01 
151 NSUBaNU-NL 
152 MU•LONG2*3.0+1+0.01 
153 ML~LONG1*3.0+1+0.01 
154 MSUB•MU-ML 
155 If<MSUB.LT.0>MSUB•MSUB+360*3 
156 MU•MSUB+1 
157 JXf•MU 
158 JYf•NSUB+l 
159 DO 40 MNYa1,MAXY,l2 
160 MM•0 
161 DO 30 MNX•MNl,MN2 
162 MNX1•MNX 
163 IfCMNX.GT.M12>MNX1•MNX-12 
164 MN•MNX1+MNY-l 
165 CALL POSMAPCMN) 
166 READ<11,1017)MAPOBS 
167 1017 fORMAT(/(20f6.1>> 
168 IL•l 
169 IU•91 
170 JL•1 
171 JU•61 
172 IfCMNX.EQ.MN1>IU•46-LNG<LONGl,MNl> 
173 IfCMNX.EO.MN2>IL•46-LNGCLONG2,MN2> 
174 If<MNY.E0.1>JL•NL-CMN-1)/l2*60 
175 IfCMNY.EQ.MAXY>JU•NU-CMN-1)/12*60 
176 If<IL.LT.l>IL•1 
177 If<IU.GT.91>IU•91 
178 If<JL.LT.1>JL•l 
179 IfCJU.GT.6l>JU•61 
180 DO 20 J•JL,JU 
181 N•(MN-l>/l2*60+J-NL+1 
182 DO 20 I•IL,IU 
183 M=MU-MM+I-IU 
184 20 ARRAY<M,N>•SCREEN<MAPOBS<I,J>> 
185 30 MM•IU-IL+MM 
186 40 CONTINUE 
187 RETURN 
188 END 
189 c 
190 c 
191 c 
192 C**************************************************************** 193 SUBROUTINE MAPNUM(LONG,LAT,MN,ITOP) 
194 REAL LONG,LAT 
195 c 
196 Ml=<LONG+15.0l)/30 
197 Ml•MOD<M1,12)+1 
198 M2•<LAT+90.0-ITOP$0.0l)/20.0 
199 MN•M2$12+Ml 
200 RETURN 
201 END 
202 c 
203 c 
204 c 
205 c~~**~************************~********************************** 
206 SUBROUTINE POSMAP<MN) 
207 LOGICAL*! MAPN<3>,POS<12>,STAR 
208 INTEGER*2 LEN 
209 DATA POS/'POSNo* '/ 
210 DATA STAR/'*'/ 
211 c 
212 MNT=MN 
213 CALL BTD<MNT,MAPN<1>,3,ND,' '> 
214 DO 10 I=l,ND 
215 10 POS<6+I>•MAPN<3-ND+I> 
216 POSC6+ND+l>=STAR 
217 LEN•7+ND 
218 CALL CNTRL<POS,LEN,ll) 
219 RETURN 
220 END 
221 c 
222 c 
223 c 
224 C**************************************************************** 225 FUNCTION LNG<LONG,MN> 
226 REAL LONG 
227 c 
228 ALNG=LONG 
229 IF<ALNG.GE.345.0>ALNG=LONG-360.0 
230 A•<ALNG-MOD<<MN-1>,12)$30.0)$3.0 
231 AA=ABS<A>+0.01 
232 A•SIGN<AA,A> 
233 LNG•A 
234 RETURN 
235 END 
236 c 
237 c 
238 c 
239 C**************************************************************** 240 FUNCTION SCREEN<X> 
241 SCREEN•X 
242 IF<SCREEN.LT.0.0>SCREEN•0.0 
243 RETURN 
244 END 
245 c 
246 c 
247 c 
248 C**************************************************************** 249 C ANSWER - GETS ANSWER FROM USER 
250 INTEGER FUNCTION ANSWER<ANS,I> 
251 DIMENSION FMT1<1>,FMT2<1>,FMT3<1>,FMT4<1) 
252 DATA FMTl/' <Al)'/ 1 FMT2/' <A2)'/ 1 FMT3/' (A3)'/ 1 FMT4/' <A4)'/ 253 INTEGER ANS 
254 c 
255 IF<I.NE.l>GOTO 10 
256 READ<5,FMT1>ANS 
257 GOTO 100 
258 10 IF<I.NE.2>GOTO 20 
259 READ<5,FMT2>ANS 
260 GOTO 100 
261 20 IF<I.NE.3>GOTO 30 
262 READ<5,FMT3>ANS 
263 GOTO 100 
264 30 CONTINUE 
265 READ<5,FMT4)ANS 
266 100 ANSWER•ANS 
267 RETURN 
268 END 
269 c 
270 c 
271 c 
272 C**************************************************************** 273 C CONVAR - CONVOLVES ARRAY WITH BEAM PROFILE 
274 SUBROUTINE CONVAR<S,TCONV,M0,MLIM,N0,NLIM,MPTS,NPTS,HPBW, 
275 &DB,DL> 
276 DIMENSION S<150,600>,TCONV<150,600),GAUSX<40),GAUSY<40) 
277 COMMON /DATA/PI 
278 c 
279 MMID=MPTS+l 
280 NMID=NPTS+l 
281 SIGMA=HPBW/2.0/SQRT<ALOG<2.0>>*PI/l0800.0 
282 SIGMA2=SIGMA*SIGMA 
283 DO 5 N•l,NLIM 
284 DO S M=1,MLIM 
285 TCONV<MLIM+M-l,N)-0.0 
286 5 TCONV<M,N)G0.0 
287 NU=NLIM-NPTS 
288 NL=1+NPTS 
289 MU=MLIM-MPTS 
290 ML•1+MPTS 
291 IPTS•MPTS*2+1 
292 JPTS=NPTS*2+1 
293 DO 7 J•1,JPTS 
294 7 GAUSX<J>=EXP<-<<J-NMID>*DL>**2/SIGMA2> 
295 DO 20 M•ML,MU 
296 MM•M0+M 
297 ALAT•DB*MM 
298 IMIN•M-MPTS 
299 IMAX~M+MPTS 
300 DO 9 !•!,IPTS 
301 9 GAUSY<I>=EXP<-<COS<ALATl$CI-MMIDl$DBl$$2/SIGMA2) 
302 DO 20 N~NL,NU 
303 JMIN=N-NPTS 
304 JMAX•N+NPTS 
305 ANORM•0.0 
306 DO 10 II•IMIN,IMAX 
307 DO 10 JJ•JMIN,JMAX 
308 F•GAUSXCJJ-N+NMID>$GAUSYCII-M+MMID> 
309 TCONVCM,Nl=TCONV<M,Nl+F*S<II,JJ> 
310 10 ANORM•ANORM+F 
311 20 TCONV<M,N>•TCONV<M,N)/ANORM 
312 RETURN 
313 END 
314 c 
315 c 
316 c 
317 C**************************************************************** 318 C AVRAGE - AVERAGES LONGITUDE OR LATITUDE VALUES 
319 SUBROUTINE AVRAGECARRAY,ML,MU,NL,NU,AVS,FLAG> 
320 DIMENSION ARRAY<150,600>,AVSC600) 
321 INTEGER FLAG 
322 c 
323 DO 5 I•1,600 
324 5 AVSCI>=0.0 
325 IF<FLAG.EQ.0>GOTO 10 
326 IF<FLAG.EC.1>GOTO 40 
327 FLAG•-1 
328 RETURN 
329 10 NUMBER•MU-ML+1 
330 DO 30 N•NL,NU 
331 DO 20 M•ML,MU 
332 20 AVSCN>•AVS<N>+ARRAYCM,N> 
333 30 AVS<N>•AVSCN)/FLOATCNUMBER> 
334 RETURN 
335 40 NUMBER=NU-NL+1 
336 DO 50 N•NL,NU 
337 DO 50 M•ML,MU 
338 50 AVSCM>•AVS<M>+ARRAY<M,Nl 
339 DO 60 M•ML,MU 
340 60 AVS<M>•AVSCMl/FLOATCNUMBER> 
341 RETURN 
342 END 
343 c 
344 c 
345 c 
346 C**************************************************************** 347 C OUTPUT - OUTPUTS DATA TO -DUMP AND UNIT 10 
348 SUBROUTINE OUTPUT<TCONV,M0,MLIM,N0 1 NLIM,MPTS,NPTS,RESL,RESB, 349 &FREC,HPBW> 
350 DIMENSION TCONV<150,600> 
351 c 
352 ML=1+MPTS 
353 MU•MLIM-MPTS 
354 NL•1+NPTS 
355 NU=NLIM-NPTS 
356 CALL OPENF 
357 WRITE<8,1000><<TCONV<MU+ML-M,NU+NL-Nl 1 N•NL,NU>,M•ML,MUl 358 1000 FORMAT<' 1' ,21f5.0/(1X,21F5.0>> 
359 ALOLNG=CNL+N0)/RESL 
360 AHILNG=CNU+N0l/RESL 
361 ALOLAT=<ML+M0)/RESB 
362 AHILAT=<MU+M0l/RESB 
363 RRESL•1.0/RESL 
364 RRESB=1.0/RESB 
365 WRITEC8,1010>FREQ,ALOLNG,AHILNG,ALOLAT,AHILAT,RESL,RESB,HPBW 
366 1010 FORMAT<' SIMULATED RADIO CONTINUUM DATA AT ', 
367 1 F5.0,'MHZ, FROM' ,F5.0,' TO' ,F5.0, 
368 2 'DEGREES LONGITUDE'/ 
369 3 'AND' ,F4.0,' TO' ,F4.0,' DEGREES LATITUDE.'/ 
370 4 ' LONGITUDE RESOLUTION=' ,F6.4, 
371 5 ' LATITUDE RESOLUTION=' ,F6.4 1 ' CONVOLVED TO HPBW=', 372 6 F6. 0,' MINUTES' > 
373 WRITEC10lALOLNG,AHILNG,ALOLAT,AHILAT,RRESL,RRESB,FREQ,HPBW, 
374 & ML,MU,NL,NU 
375 WRITE<10l<<TCONV<M,NL+NU-Nl,N=NL,NUl,M=ML,MUl 
376 RETURN 
377 END 
378 c 
379 c 
380 c 
381 C**************************************************************** 382 C OPENF - CONNECTS -DUMP TO UNIT 8 IF NOT ASSIGNED ALREADY 
383 SUBROUTINE OPENF 
384 INTEGER CHKFDB 
385 c 
386 IFDUB=CHKFDBC8) 
387 IFCIFDUB.NE.0)GOTO 10 
388 CALL SETLIOC' 8 ' , ' -DUMP ' ) 
389 10 RETURN 
390 END 
CONVP 
Contents 
Source file of convolution program. Object file kept in 
CONVP-C. 
Purpose 
To convolve and process the output file produced by SYNP. 
The program will produce the convolved brightness temperatures as 
would be observed by an instrument with a gaussian beam profile, 
the half power beam width being specified, and at a specified 
frequency. It also adds in a fixed percentage of thermal and the 
appropriate extragalactic and black body contributions. 
Logical I/O Units Referenced 
5 - default terminal input 
6 - default terminal output 
7 - input file (must be sequential) 
8 - default file -DUMP (created by program) 
10 - output file (must be sequential) 
Usage 
Compiled version in CONVP-C. To run, use the £RUN command. 
When program is running the following parameters will be prompted 
for: 
frequency(in MHz) (F6.0) 
half power beam width(F6.o) 
(in minutes) 
On completion the results will be output to unit 1~ in the form 
of a map file for use with the plotting programs, and to unit 8, 
which by default will be the temporary file -DUMP, in readable form. 
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The run will then cease. 
Description 
The input file read in from unit 7 is as specified in the 
SYNP description, and covers only the upper half of the plane. 
The program mirrors this data in the lower half of the plane. 
The program convolves the input data with a gaussian beam of 
half power beam width specified on input. Hhen convolving it 
takes three temperatures either side of the central temperature, 
both in latitude & longitude, thus taking 49 points into account 
altogether. The resulting temperature is then scaled to the 
required frequency assuming a power law with index -2.8. The 
thermal contribution then added is equivalent to 23% of the non-
thermal temperature at 408MHz., which is then scaled to the 
required frequency assuming a power law with index -2.1. The 
extragalactic contribution from radio sources added is the 
equivalent of 3K at 408MHz., scaled assuming a power law with index 
-2.75. The universal black body radiation contribution of 3K is 
also added. 
The results are then output on unit 10, in the sequential 
format: 
ALOLNG, AHILNG, ALOLAT, AHILAT, RRESL, RRESB, FREQ, HPBW, 
ML, MlJ, NL, NU, TCONV(ML,NU), TCONV(ML,NU-1), ...... TCONV( MU ,NL). 
where the meaning of the various parameters is shown in fig. 1 
The results are also output to unit 8, which by default is the 
temporary file -DUMP (which the program will create if it does not 
exist already), in the format: 
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TCONV(MU ,NU), .•................................. TCONV(MU ,NU-20). 
TCONV(MU,NU-21), •...... TCONV(MU,NL), TCONV(MU-l,NU) .......•..•. 
0 ' ••••••••••••••••••••••••••••••••••••••••• 0 •••••••••••••••••••••• 
• . . . . . . . . • . . . . . . . • . TCONV(ML,NL). 
Example 
£run conv-p 7=tl lO=ml 
FREQUENCY? (MHZ ) 
408o 
HALF POWER BEAM 'r'liDTH? (MINUTES) 
5L 
This will convalve the results in Tl to give those obtained 
with a gaussian beam of half power beam width 51 minutes, at 408MHz .• 
This takes typically lo5 cpu seconds to run and produce an output 
file of less than a page on Ml. 
Program Structure 
convp 
input 
mirror 
convar 
final t 
output 
slashes indicate SYSTEM routines. 
openf 
/setlio/ 
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C**************************************************************** 
c• * C* CONVP - CONVOLUTION PROGRAM * 
c• * 
C**************************************************************** DIMENSION TC200,100>,S<400,100>,TCONVC400,100> 
COMMON /DATA/PI 
c 
C ARRAY T CONTAINS INPUT TEMPERATURES ABOVE PLANE. 
C ARRAY S CONTAINS THESE PLUS THOSE MIRRORED BELOW PLANE. 
C ARRAY TCONV CONTAINS CONVOLVED TEMPERATURES. 
C M IS LATITUDE INDEX. N IS LONGITUDE INDEX. 
c 
c 
PI=3.141593 
CALL INPUT<T,N0 1 NLIM,M0 1 MLIM,RESL,RESB,FREO,HPBW> 
DL=PI/Cl80.0*RESL> 
DB=PI/(l80.0~RESB) 
CALL MIRROR<T,S,MLIM,NLIM> 
CALL CONVAR<S,TCONV,M0 1 MLIM,N0,NLIM,HPBW,DB,DL> CALL FINALT<TCONV,MLIM,NLIM,FREO> 
CALL OUTPUTCTCONV 1 M0,MLIM,N0 1 NLIM,RESL,RESB,FREO,HPBW> 
STOP 
END 
c 
C**************************************************************** C INPUT - GETS DATA & PARAMETERS 
c 
c 
c 
c 
SUBROUTINE INPUT<T,N0 1 NLIM,M0,MLIM,RESL,RESB,FREO,HPBW> DIMENSION TC200,100> 
READC7)N0,NLIM,M0,MLIM,RESL,RESB 
READ<7>C<T<M,N> 1 M•1 1 MLIM>,N•l,NLIM> WRITE< 6, 1000 > 
1000 FORMAT(' FREOUENCY?<MHZ)' 
READ<5,1010>FREQ 
1010 FORMAT<F6.0> 
WRITE< 6, 1020) 
1020 FORMAT<' HALF POWER BEAM WIDTH?< MINUTES)' ) 
READ<5,1010>HPBW 
RETURN 
END 
C**************************************************************** C MIRROR - MIRRORS POSITIVE LATITUDES TO BELOW PLANE 
c 
c 
c 
SUBROUTINE MIRROR<T,S,MLIM,NLIM> 
DIMENSION TC200,100>,S<400,100> 
DO 10 N•l, NLIM 
DO 10 M•1 1 MLIM SCMLIM-1+M,N>•TCM,N> 
10 SCMLIM+1-M,N>•T<M,N> 
RETURN 
END 
c 
C**************************************************************** C CONVAR - CONVOLVES ARRAY WITH BEAM PROFILE 
c 
c 
c 
c 
SUBROUTINE CONVAR<S,TCONV 1 M0,MLIM,N0 1 NLIM,HPBW,DB,DL> DIMENSION SC400,100>,TCONVC400,100) 
COMMON /DATA/PI 
SIGMA=HPBW/2,0/SQRTCALOG<2.0>>*PI/10800.0 
SIGMA2=SIGMA*SIGMA 
DO 5 N•1,NLIM 
DO 5 M•1, MLIM 
TCONV<MLIM+M-1,N>=0.0 
5 TCONVCM,N>=0.0 
NU•NLIM-3 
NL~1+3 
MU=MLIM+MLIM-1-3 
ML=l+3 
DO 20 M•ML,MU 
MM=M0+M-MLIM+l 
ALAT=DB*MM 
IMIN•M-3 
IMAX=M+3 
DO 20 N=NL,NU 
JMIN•N-3 
JMAX=N+3 
ANORM=0.0 
DO 10 II=IMIN,IMAX 
DO 10 JJ•JMIN,JMAX 
F•EXP<-<<<II-M>*DB>**2 
& +CCOSCALAT>*CJJ-N>*DL>**2)/SIGMA2> 
TCONV<M,N>•TCONVCM,N>+F*S<II,JJ> 
10 ANORM=ANORM+F 
20 TCONVCM,N>•TCONVCM 1 N)/ANORM RETURN 
END 
96 C**************************************************************** 97 C FINALT - SCALES FOR FREO & ADDS ON OTHER CONTRIBUTIONS 
98 SUBROUTINE FINALT<TCONV,MLIM,NLIM,FREQ) 
99 DIMENSION TCONV<400,100l 
100 c 
101 FACTF0=<150.0/FRE0>**2.8 
102 FACTTH=<FREQ/408.0>**<2.8-2.1) 
103 FACTEG=<408.0/FRE0>**2.75 
104 THERML=<1.235-1.0l*FACTTH+1.0 
105 EXTGAL=3.0+3.0*FACTEG 
106 MU=MLIM+MLIM-1 
107 DO 10 N=1,NLIM 
108 DO 10 M=1,MU 
109 10 TCONV<M,Nl=TCONV<M,Nl*FACTFO*THERML+EXTGAL 
1!0 R~TURN 
111 END 
112 c 
113 c 
114 c 
115 C**************************************************************** 116 C OUTPUT - OUTPUTS DATA TO -DUMP AND UNIT 10 
117 SUBROUTINE OUTPUT<TCONV,M0,MLIM,N0,NLIM,RESL,RESB,FREO,HPBW> 
118 DIMENSION TCONV<400,100) 
119 c 
120 ML=1+3 
121 MU=MLIM+MLIM-1-3 
122 NL=1+3 
123 NU=NLIM-3 
124 CALL OPENF 
125 WRITE<8,1000l<<TCONV<MU+ML-M,NU+NL-Nl,N=NL,NUl,M=ML,MUl 
126 Hl00 FORMAT<' 1' ,21F5.0/(1X,21F5.0)) 
127 ALOLNG=<NL+N0l/RESL 
128 AHILNG~<NU+N0l/RESL 
129 ALOLAT=(ML+M0-MLIM+1)/RESB 
130 AHILAT•<MU+M0-MLIM+1l/RESB 
131 RRESL=1.0/RESL 
132 RRESB-1.0/RESB 
133 WRITE<8,1010>FREO,ALOLNG,AHILNG,ALOLAT,AHILAT,RESL,RESB,HPBW 
134 1010 FORMAT<' SIMULATED RADIO CONTINUUM DATA AT', 
135 1 F5.0,'MHZ, FROM' ,FS.0,' TO' ,FS.0, 
136 2 'DEGREES LONGITUDE'/ 
137 3 'AND' ,F4.0,' TO' ,F4.0,' DEGREES LATITUDE.'/ 
138 4 ' LONGITUDE RESOLUTION•' ,F6.4, 
139 5 ' LATITUDE RESOLUTION•' ,F6.4,' CONVOLVED TO HPBW-', 
140 6 F6.0,'MINUTE~) 
141 WRITE<10lALOLNG,AHILNG,ALOLAT,AHILAT,RRESL,RRESB,FREO,HPBW, 
142 & ML,MU,NL,NU 
143 WRITE<10l((TCONV<M,NL+NU-N>,N•NL,NU>,M-ML,MUl 
144 RETURN 
145 END 
146 c 
147 c 
148 c 
149 C**************************************************************** 150 C OPENF - CONNECTS -DUMP TO UNIT 8 IF NOT ASSIGNED ALREADY 
151 SUBROUTINE OPENF 
152 INTEGER CHKFDB 
153 c 
154 IFDUB=CHKFDB<8> 
155 IF<IFDUB.NE.0lGOTO 10 
156 CALL SETLIO<' 8 ' , '-DUMP ' ) 
157 10 RETURN 
158 END 
DATALIST 
Contents 
Source program of 408MHz observations listing program. 
Pur"Pose 
To obtain the data point values of the 408MHz. observations 
from the tape. 
Logical I/O Units Referenced 
Usage 
5 - default terminal input 
6 ~ default terminal output 
11 - input tape of observations 
12 - output file of data values 
Compile using *FTNX. To run use £RUN command. \fuen running 
the program will prompt for the following parameters: 
lower longitude (in degrees) (FS.O) 
upper longitude (in degrees) (F5.0) 
lower latitude (in degrees) (FS.O) 
upper latitude (in degrees) (F5.0) 
The input to unit 11 is the tape QPHKlB, mounted on *T* for example. 
The program will then write this section of the data to the file on 
unit 12. 
Description 
The maximum size of the area which can be obtained is limited 
by the dimensions of the array DATA(JX,JY). JX is the longitude 
index and JY the latitude index. 
The format of the data written to unit 12 is as follows: 
DATA(l,JYF),DATA(2,JYF) ••....•.......•... DATA(20,JYF) 
DATA(21 ,JYF), ••••.•.•••••• DATA(JXF ,JYF) 
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DATA(l,JYF-l),DATA(2,JYF-l), •••••••••.••• DATA(20,JYF-l) 
DATA(2l,JYF-l), •...•.•....•• DATA(JXF,JYF) 
........................................................ 
. . . . . . . . . . . . • . . . . . . . . . . . . • . . DATA( JXF, 1) 
JXF corresponds to the upper longitude, and JYF to the upper 
latitude of the area specified. 
Example 
Assuming DATALIST has been cQmpiled by *FTNX, and the object 
file is -LOAD. 
£run -load ll=*t* 12=-data 
LOWER LONGITUDE? 
UPPER LONGITUDE? 
270. 
360. 
LOWER LATITUDE? 
UPPER LATITUDE? 
-10. 
10. 
This run will produce the 408MHz. all sky map, data points for the 
area from 270°- 360° longitude and -10°- 10° latitude, and write 
them to the file -DATA. 
Program Structure 
datalist 
aload 
mapnum 
posmap 
lng 
screen 
lbtd I 
lcntrl I 
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1 C DATALIST - PRINTS SPECIFIED AREA FROM TAPE DATA 
2 DIMENSION DATA<600,150> 
3 REAL LONG1,LONG2,LAT1,LAT2 
4 c 
5 WRITE<6,1001> 
6 1001 FORMAT<' LOWER LONGITUDE?'/' UPPER LONGITUDE?') 
7 READ<S,1002>LONG1,LONG2 
8 1002 FORMAT<FS.0> 
9 WRITE<6,1003> 
10 1003 FORMAT<' LOWER LATITUDE?'/' UPPER LATITUDE?' l 
11 READ<S,1002lLAT1,LAT2 
12 CALL LOAD<LONG1,LONG2,LAT1,LAT2,DATA,JXF,JYfl 
13 DO 10 JY•1,JYF 
14 10 WRITE<12,1004l<DATA<JX,JYF+1-JYl,JX=l,JXfl 
15 1004 FORMAT(20F6.!) 
16 WRITEC12,1005lLONG1,LONG2,LAT1,LAT2 
17 1005 FORMAT(/' BONN 408 MHZ SKY SURVEY ',F6.1,' L ',F6.1, 
18 &1X,F5.1,' B ', F5.1) 
19 STOP 
20 END 
21 c 
22 c 
23 c 
24 FUNCTION LNG<LONG,MNl 
25 REAL LONG 
26 c 
27 ALNG~LONG 
28 IF<ALNG.GE.345.0lALNG•LONG-360.0 
29 A•<ALNG-MOD<<MN-1l 1 12>*30.0l*3.0 30 AA=ABSCAl+0.01 
31 A~SIGN<AA,Al 
32 LNGaA 
33 RETURN 
34 END 
35 c 
36 c 
37 FUNCTION SCREEN<Xl 
38 SCREEN•X 
39 IF<SCREEN.LT.0.0>SCREEN~0.0 
40 RETURN 
41 END 
42 c 
43 c 
44 SUBROUTINE MAPNUM<LONG,LAT,MN,ITOPl 
45 REAL LONG,LAT 
46 c 
47 Ml .. <LONG+15.0ll/30 
48 M1aMODCM1,12l+1 
49 M2•<LAT+90.0-ITOP*0.01l/20.0 
50 MNaM2*12+M1 
51 RETURN 
52 END 
53 c 
54 c 
55 SUBROUTINE LOAD<LONG1,LONG2,LAT1,LAT2,ARRAY,JXF,JYFl 
56 DIMENSION ARRAYC600,150l,MAPOBSC91,61> 
57 COMMON /PARS/YMAX,FREO,HPBW 
58 REAL LONG1,LONG2,LAT1,LAT2,MAPOBS 
59 c 
60 YMAX•1000.0 
61 FRE0•408.0 
62 HPBW=51.0 
63 CALL MAPNUMCLONG1,LAT1,MN1,-1l 
64 CALL MAPNUMCLONG2,LAT1,MN2,-1> 
65 CALL MAPNUM<LONG1,LAT2,MN3,1) 
66 M12~<MN2/l2+1>*12 
67 IF<MN1.LE.MN2>GOTO 10 
68 MN2-MN2+12 
69 10 MAXYaCMN3-MNll+1 
70 NU•C90+LAT2>*3+1+0.01 
71 NL•(90+LAT1>*3+1+0.01 
72 NSUB~NU-NL 
73 MUaLONG2*3.0+1+0.01 
74 ML-LONG1*3.0+1+0.0l 
75 MSUB=MU-ML 
76 IF<MSUB.LT.0lMSUB•MSUB+360*3 
77 MU=MSUB+1 
78 JXF-MU 
79 JYF=NSUB+1 
80 DO 40 MNYa1,MAXY,12 
81 MM=0 
82 DO 30 MNX=MN1,MN2 
83 MNX1~MNX 
84 IFCMNX.GT.M12lMNX1=MNX-12 
85 MN=MNX1+MNY-1 
86 CALL POSMAPCMN> 
87 READC11,1017lMAP08S 
88 1017 FORMATC/(20F6.1)) 
89 IL=1 
90 IU=91 
91 JLa1 
92 JU•61 
93 IF<MNX.EO.MN1liU=46-LNGCLONG1,MN1> 
94 IF<MNX.EO.MN2liL-46-LNG<LONG2,MN2> 
95 IF<MNY.EQ.1lJL=NL-<MN-1l/12*60 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 c 
111 c 
112 
113 
114 
115 
116 
117 c 
118 
119 
120 
121 
122 
123 
124 
125 
126 
ItCMNY.EO.MAXY>JU=NU-<MN-1)/12*60 
It< IL.LT .1 >IL=l 
Ir<IU.GT.91>IU=91 
It< JL. LT. 1 )JL•l 
Ir<JU.GT.61lJUa61 
DO 20 JaJL,JU 
N=<MN-ll/l2*60+J-NL+l 
DO 20 I=IL,IU 
M•MU-MM+I-IU 
20 ARRAYCM,N>aSCREENCMAPOBS<I,J>> 
30 MMaiU-IL+MM -
40 CONTINUE 
RETURN 
END 
SUBROUTINE POSMAPCMNl 
LOGICAL*! MAPN<3>,POSC12l,STAR 
INTEGER*2 LEN 
DATA POS/'POSN=$ '/ 
DATA STAR/'$'/ 
MNT=MN 
CALL BTDC MNT, MAPN< 1), 3, ND,' ' > 
DO 10 I•l,ND 
10 POSC6+I>=MAPN<3-ND+Il 
POSC6+ND+ll=STAR 
LEN•7+ND 
CALL CNTRLCPOS,LEN,lll 
RETURN 
END 
EMISP 
Contents 
Source file of the emissivity profile plotting program. 
Purpose 
To obtain a plot of the variation in emissivity along a line 
of sight through the model galaxy used in SYNP. 
Logical I/O Units Referenced 
1 - output file, default to -DUMP 
4 - input file of arms parameters 
5 - default terminal input 
6 - default terminal output 
9 - output plot file 
Usage 
Compile using *FTNX. 'ro run use the &:RUN command, and 
concatenate the object file with *GHOST. When the program is run-
ning, the following parameters will be prompted for: 
frequency (in MHz.) (F6.6) 
ratio from NOR1>1P (Fl0.4) 
R2 from NORMP (F10.4) 
0 
longitude of line of sight (F4.0) 
(in degrees) 
latitude of line of sight (F4.0) 
(in degrees) 
The program will then calculate the emissivity values along the 
line of sight and output them to unit 1, which by default will be 
-DUMP, if no file is specified. The temperatures due to the 
irregular field, the regular field and the total of these two are 
displayed on the terminal. The program will then ask if another 
latitude is required, if not, it wil ask if another longitude is 
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needed. If neither is wanted, the program will stop. The plot 
descriptions of all ptofiles produced are sent to unit 9, for use 
with *DURPLOT or *PLOTSEE. 
The input to unit 4 is the usual arms parameters file, as 
described in SYNP. 
The output to unit 1 has the form: 
IRREG. EMISSIVITIES 
EMISI(l), 
EMISI(21), . 
REGULAR EMISSIVITIES 
EMISR( 1), 
IDliSR( 21) , • 
followed by the parameters of the run. 
Description 
EMIS I ( K1v1AX) 
EMISR(KMAX) 
EMISI(20) 
EMISR(20) 
The program calculates the emissivities in the same way as 
the SYNP program if the arm parameters used are the same and 
provided the subroutines: field, nxtarm and elden are identical 
in the two programs. The step size taken is such that it projects 
to O.Ol5kpc. on the galactic plane. The final integrated temper-
atures are calculated for the line of sight, and are scaled to the 
required frequency assuming a power law of index -2.8. The 
emissivities plotted are also scaled to the correct values at the 
frequency specified. The temperatures and emissivities are only 
for pure synchrotron emission, no account has been taken of the 
thermal and extragalactic contributions. The temperatures given 
are also unconvolved. 
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If another line of sight, at the same longitude is required, the 
program uses much of the information calculated in the previous 
run to save time. 
Example 
Assuming ~rtiiSP has been compiled by *FTNX, and the object 
file is in -LOAD. 
£run -load+*ghost 4=armsl¢ 9=-plot 
FREQUENCY? (MHZ) 
408. 
RATIO? 
R¢ SQUARED? 
0.7322 
139. 
LONGITUDE? 
180. 
LATITUDE? 
o. 
the parameters are then printed 
the integrated temperatures are 
calculated and printed 
ANOTHER LATITUDE?(Y/N) 
n 
ANOTHER LONGITUDE?(Y/N) 
n 
This will produce a plot of the profile in the anticentre, on the 
plane, in the file -PLOT. The data for this will be written to 
-DUMP. This run will take about 6 cpu sec •• 
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Program Structure 
emisp 
openf 
/chkfdb/ 
/setlio/ 
inputl 
input2 
input3 
fnorm 
field 
prntps 
temp 
smax 
pars 
nxtarm 
posarm 
grad 
field 
elden 
emiss 
scalem 
intgrt 
inplot 
(paper ) 
(pspace) 
(cspace) 
(ctrmag) 
(map ) 
(nscurv) 
antplt 
(border) 
(scales) 
(place ) 
(typecs) 
(typecf) 
(ctrori) 
dump 
output 
(grend ) 
(frame ) 
brackets indicate *GHOST routines, 
slashes indicate system routines. 
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1 C**************************************************************** 
2 c• • 3 C* EMISP - A BETTER VERSION OF EMIS * 
4 c• = 
5 C**************************************************************** 6 DIMENSION ARM<27,10) 
7 COMMON /FLAG/JF 
8 COMMON /DATA/PI 
9 c 
10 CALL OPENF 
11 C INPUT PARAMETERS 
12 CALL INPUT1<FREO,RATIO,R0SO,ARM,NARM> 
13 10 CALL INPUT2<ALONG1> 
14 JF•-1 
!5 20 CALL INPUT3<ALAT1) 
16 C INITIALIZE 
17 PI=3.141593 
18 ALAT=ALATl*PI/180.0 
19 ALONG=AMODCALONG1,360.0>*PI/180.0 
20 R0=SORT<R0SO> 
21 F0-FNORM<R0> 
22 C WRITE PARAMETERS 
23 CALL PRNTPS<FREO,ALONG1,ALAT1,RATIO,R0SQ) 
24 CALL TEMP<ALAT,ALONG,RATIO,R0,F0,ARM,NARM,TEMPR,TEMPI 
25 &, FREQ > 
26 T-TEMPR+TEMPI 
27 CALL OUTPUT<T,TEMPI,TEMPR,&20,&10> 
28 STOP 
29 END 
30 c 
31 c 
32 c 
33 C**************************************************************** 34 C INPUT! - GETS FREO FIELD PARAMETERS & ARMS 
35 SUBROUTINE INPUT1<FREO,RATIO,R0SO,ARM,NARM> 
36 DIMENSION ARM<27,10> 
37 c 
38 NARM-9 
39 WRITE<6,1000> 
40 1000 FORMAT<' FREOUENCY?<MHZ>' 
41 READ<S,1010>FREQ 
42 1010 FORMAT<F6.6> 
43 WRITEC6,1020> 
44 1020 FORMAT<' RATIO?'/' R0 SQUARED?' 
45 READ<S,1030>RATIO,R0SQ 
46 1030 FORMATCF10.4> 
47 DO 10 I-1,27 
48 READ<4,1040><ARM<I,J>,J-l,NARM> 
49 1040 FORMAT<l0CF10.6,2X>> 
50 10 CONTINUE 
51 RETURN 
52 END 
53 c 
54 c 
55 c 
56 C**************************************************************** 57 C INPUT2 - GETS LONGITUDE 
58 SUBROUTINE INPUT2<ALONG> 
59 c 
60 WRITE<6,1000) 
61 1000 FORMAT<' LONGITUDE?' > 
62 READ<5,1020>ALONG 
63 1020 FORMAT<F4.0) 
64 RETURN 
65 END 
66 c 
67 c 
68 c 
69 C**************************************************************** 70 C INPUT3 - GETS LATITUDE 
71 SUBROUTINE INPUT3CALAT> 
72 c 
73 WRITE<6,1000> 
74 1000 FORMAT<' LATITUDE?' 
75 READ<5,1010lALAT 
76 1010 FORMATCF4.0> 
77 RETURN 
78 END 
79 c 
80 c 
81 c 
82 C**************************************************************** 83 C FNORM - NORMALISATION OF FIELD TO 3 AT SUN 
84 FUNCTION FNORM<R0> 
85 c 
86 CALL FIELD<10.0,0.0,0.0,R0,10.0,10.0,1,HREG,COMP,0> 
87 FNORM-<3.0/HREG>**l.B 
88 RETURN 
89 END 
90 c 
91 c 
92 c 
93 C**************************************************************** 94 C PRNTPS - PRINTS THE PARAMETERS USED IN THE RUN 
95 SUBROUTINE PRNTPS<FREO,ALONG1,ALAT1,RATIO,R0SO> 
96 c 
97 WRITEC6,1000>FREQ 
98 1000 FORMAT(// 1 ' FREQUENCY=' ,F6.0,'MHZ' 99 WRITEC6,1010>ALONG1,ALAT1 
100 1010 FORMAT<' LONGITUDE=' ,F4.0,' LATITUDEg' ,F4.0> 
101 WRITEC6,1020>RATIO,R0SQ 
102 1020 FORMAT<' RATIO-' ,F6.4,' R0 SQUARED~' ,F5.1> 
103 RETURN 
104 END 
105 c 
106 c 
107 c 
108 C**************************************************************** 109 C TEMP - CALCULATES TEMPERATURE IN ONE DIRECTION 
110 SUBROUTINE TEMP<ALAT,ALONG,RATIO,R0,F0,ARM,NARM,TR,TI 
lll &,FREQl 
112 COMMON /FLAG/JF 
113 COMMON /DATA/PI 
114 DIMENSION ARM<27,NARM>,EMISRC4000>,EMISIC4000>,SC4000> 
115 c 
116 DS=0.015 
117 KMAX=SMAXCALAT,ALONG)/DS 
118 KMAX=KMAX-MOD<KMAX,2l-1 
119 IFC.NOT.CJF.EQ.-1>>GOTO 10 
120 JF=0 
121 REF=ALONG 
122 GOTO 40 
123 10 IFC.NOT.CALONG.EQ.REF>>GOTO 30 
124 IF< .NOT.<JF.EQ.0>>GOTO 20 
125 JF=1 
126 20 IF< .NOT.<JF.EQ.1.AND.ABSCALATJ.GT.80.0>>GOTO 40 
127 JF=0 
128 . GOTO 40 
129 30 IFC.NOT.CALONG.NE.REF>>GOTO 40 
130 JF=0 
131 REF=ALONG 
132 40 CONTINUE 
133 DO 50 K•1,KMAX 
134 CALL PARS<R,PHI,Z,S,K,KMAX,ALAT,ALONG,DS,JF> 
135 CALL NXTARM<DIN,DOUT,GR,R,PHI,JF,ARM,NARM> 
136 CALL FIELD<R,PHI,Z,R0,DIN,DOUT,K,HREG,COMP,JF> 
137 CALL ELDEN<R,Z,JF,K,ELN> 
138 CALL EMISS<ALONG,ALAT,PHI,GR,K,HREG,F0,COMP,RATIO, 
139 & ELN,JF,EMISR<K>,EMISI<K>> 
140 50 CALL SCALEM<EMISI<K>,EMISR<K>,FREQ> 
141 CALL INTGRT<ALAT,DS,KMAX,EMISR,TR> 
142 CALL INTGRT<ALAT,DS,KMAX,EMISI,TI> 
143 T•TI+TR 
144 R0SQ=R0*R0 
145 ALONG1=ALONG*180.0/PI 
146 ALAT1cALAT*180.0/PI 
147 CALL INPLOT 
148 CALL NSCURV<S,EMISI,1,KMAX> 
149 CALL N5CURV<S,EMISR,1,KMAX> 
150 CALL ANTPLT<FREQ,ALONG1,ALAT1,T,TI,TR> 
151 CALL DUMP<EMISR,EMISI,KMAX,FREQ,ALONG1,ALAT1,T,TI,TR, 
152 &RATIO,R0SQ> 
153 RETURN 
154 END 
155 c 
156 c 
157 c 
158 C**************************************************************** 159 C PARS - CALCULATES COORDINATES ALONG LINE OF SIGHT 
160 SUBROUTINE PARS<R,PHI,Z,S,K,KMAX,ALAT,ALONG,DS,JFLAG> 
161 DIMENSION SC4000> 
162 COMMON /DATA/PI 
163 c 
164 IF<JFLAG.EQ.1>GOTO 10 
165 S<K>•<K-l>*DS 
166 R=SQRTC100+S<K>*S<K>-20*S<K>*COS<ALONG>> 
167 PC=<100+R*R-S<K>*S<K))/(20*R> 
168 IF<ABS<PC>.GT.1.0>PC=l.0 
169 PHI=ARCOSCPC> 
170 IFCALONG.GT.PI>PHI•2*PI-PHI 
171 IF<ALONG.EQ.0.0.AND.S<K>.GT.10.0JPHI•PI 
172 10 Z=S<K>*TAN<ALAT> 
173 RETURN 
174 END 
175 c 
176 c 
177 c 
178 C**************************************************************** 179 C NXTARM - FINDS THE DISTANCE TO THE NEAREST ARM & MEAN GRADIENT 
180 SUBROUTINE NXTARM<DIN,DOUT,GR,R,PHI,JF,ARM,NARM> 
181 DIMENSION ARM<27,NARM>,RA<10) 
182 c 
183 IF<JF.EQ.1lGOTO 40 
184 CALL POSARMCPHI,RA,ARM,NARM> 
185 RMIN•0.0 
186 RMOUT=15.0 
187 DO 5 I•1,NARM 
188 IF<RA<I>.EQ.0.0lGOTO 5 
189 IF<RA<I>.GT.R>GOTO 5 
190 IF<RA<I>.LE.RMIN>GOTO 5 
191 RMIN•RA<I> 
192 IINai 
193 5 CONTINUE 
194 DO 10 I•1,NARM 
195 IF<RA<I>.E0.0.0>GOTO 10 
196 IF<RA<I>.LT.R>GOTO 10 
197 IF<RA<I>.GE.RMOUT>GOTO 10 
198 RMOUT•RA<I> 
199 IOUT•I 
200 10 CONTINUE 
201 IF<RMIN.GT.0.0>GOTO 15 
202 DIN•R*ABS<SIN<PHI-0.261799>) 
203 GRIN•0.0 
204 GOTO 20 
205 15 CONTINUE 
206 DR•R-RMIN 
207 CALL GRAD<PHI,IIN,RMIN,GRIN,ARM,NARM) 
208 DIN=DR*COSCGRIN> 
209 20 IFCRMOUT.LT.15.0>GOTO 25 
210 DOUT•100.0 
211 GROUT•0.0 
212 GOTO 30 
213 25 CONTINUE 
214 DR•RMOUT-R 
215 CALL GRAD<PHI,IOUT,RMOUT,GROUT,ARM,NARM> 
216 DOUT•DR*COS<GROUT> 
217 30 GR•<GRIN*DOUT+GROUT*DIN)/CDIN+DOUT+0.00001> 
218 40 RETURN 
219 END 
220 c 
221 c 
222 c 
223 C**************************************************************** 224 C FIELD - CALCULATES THE FIELD AT THE CURRENT POINT 
225 SUBROUTINE FIELD<R,PHI,Z,R0,DIN,DOUT,K,HREG,COMP,JF) 
226 COMMON /FIELDH/H1C4000>,H2<4000> 
227 c 
228 IFCJF.EQ.1)GOTO 5 
229 THETA•2.146755-PHI 
230 S•SIN<THETA> 
231 C•COSCTHETA> 
232 HH•1-EXP<-R*R*<C*C/8+5*5/4)) 
233 H1<K>=HH*EXP<-R*R/R0/R0> 
234 IF<R.LT.10.0>GOTO 2 
235 CR•C15.0-R>*0.39S 
236 GOTO 3 
237 2 CONTINUE 
238 CR•1.98 
239 3 C1•EXP<-18*DIN*DIN> 
240 C2•EXPC-18*DOUT*DOUT> 
241 H2<K>•CR*AMAX1CC1,C2> 
242 5 FZ•1+0.7715*Z-17*Z*Z+22.94*Z*Z*Z 
243 IFCZ.GT.0.5>FZ•0.0 
244 COMP-<H2<K>*FZ+0.7)/0.7 
245 IFCR.GT.4.0>GOTO 10 
248 HREG•<1-EXP<-4.0>>*EXPC-4.0*4.0/R0/R0>*<COMP-1.0> 
247 & +H1CK> 
248 RETURN 
249 10 HREG•H1<K>*COMP 
250 RETURN 
251 END 
252 c 
253 c 
254 c 
255 C**************************************************************** 256 C POSARM - FINDS THE POSITIONS OF THE ARMS AT ANY PHI 
257 SUBROUTINE POSARMCALPHA,RA,ARM,NARM> 
258 DIMENSION RA<NARM>,ARMC27,NARM> 
259 COMMON /DATA/PI 
260 c 
261 DO 15 I•1,NARM 
262 RA<I>=0 
263 PHI•ARMC1,I>-ALPHA 
264 IFCPHI.GE.0>GOTO 5 
265 PHI•2*PI+PHI 
266 5 IFCPHI.GT.ARM<2,I>>GOTO 15 
267 N•ARM<2,I)/0.261799+1 
268 THETA•PI*PHI/CN*0.261799>+PI/C2*N> 
269 C•COSCTHETA> 
270 S•SINCTHETA> 
271 CN•1.0 
272 SN=0.0 
273 DO 10 K=1,N 
274 RA<I>•RA<I>+ARMCCK+2>,I>*CN 
275 CN1•CN*C-SN*S 
276 SN1•CN*S+SN*C 
277 SN•SN1 
278 10 CN•CN1 
279 15 CONTINUE 
280 RETURN 
281 END 
282 c 
283 c 
284 c 
285 C**************************************************************** 
286 C SMAX - CALCULATES THE LINE OF SIGHT LENGTH, PROJECTED ON PLANE 
287 C SUN - 15KPC SPHERE 
288 FUNCTION SMAX<ALAT,ALONG> 
289 COMMON /DATA/PI 
29111 c 
291 B=2111*COSCALAT>*COS<ALONG-PI> 
292 SMAX=C-B+SQRTCB*B+4*C225-100)))/2.0 
293 SMAX=SMAX*COSCALAT> 
294 RETURN 
295 END 
296 c 
297 c 
298 c 
299 C**************************************************************** 3111111 C GRAD - CALCULATES GRADIENT OF ARM 
31111 SUBROUTINE GRAD(ALPHA,I,RIN 1 GR,ARM 1 NARM) 31112 DIMENSION ARMC27,NARM> 
31113 COMMON /DATA/PI 
304 c 
31115 GR=0 
31116 PHI=ARM<1,I>-ALPHA 
31117 IF<PHI.GE.0>GOTO 5 
31118 PHI-2*PI+PHI 
31119 5 N=ARM<2,Il/0.261799+1 
31111 THETA=PI*PHI/CN*111.261799l+PI/(2*N> 
311 C=COS<THETA> 
312 S•SIN<THETA> 
313 CN-1.111 
314 SN-111.111 
315 DO 1111 K=1,N 
316 GR•GR-ARMC<K+2>,I>*<K-1>*SN*PI/CN*0.261799) 
317 CN1=CN*C-SN*S 
318 SN1•CN*S+SN*C 
319 SN•SNl 
320 10 CN-CN1 
321 GR•ATANCGR/RIN> 
322 RETURN 
323 END 
324 c 
325 c 
326 c 
327 C**************************************************************** 328 C ELDEN - CALCULATES THE ELECTRON DENSITY 
329 SUBROUTINE ELDEN<R,Z,JF,K,ELN) 
330 COMMON /ELDENW/WC4000) 
331 c 
332 IFCJF.EO.l>GOTO 5 
333 WCK)s0.591-0.0652*R+0.0106*R*R 
334 5 X=Z/WCK> 
335 IF<X.GT.10.85>GOTO 10 
336 ELN=80*<1-0.3552*X+0.04733*X*X-0.002127*X*X*X> 
337 GOTO 20 
338 10 ELN=0.0 
339 2111 RETURN 
340 END 
341 c 
342 c 
343 c 
344 C**************************************************************** 345 C EMISS - CALCULATES THE EMISSIUITIES AT THAT POINT 
346 SUBROUTINE EMISSCALONG,ALAT,PHI,GR,K,HREG,F0,COMP,RATIO 
347 &,ELN,JF,EMISR,EMISI> 
348 COMMON /DATA/PI 
349 COMMON /EMISSP/PSIC4000) 
35111 c 
351 IF<JF.EQ.1)GOTO 10 
352 PSI<K>=ALONG+PHI-PI/2+GR 
353 10 Y=1-0.477*C1-1/CCOMP*COMP>>*COSCPSICK>>*COSCPSICK)) 
354 XI=ARCOSCCOSCPSICK>>*COSCALAT>> 
355 EMISR1=CABSCHREG*SIN<XI>>>**1.8 
356 EMISI1=HREG**1.8*Y 
357 EMISR•0.0498*ELN*F0*EMISR1 
358 EMISI=0.0498*ELN*F0*EMISI1/RATIO 
359 RETURN 
360 END 
361 c 
362 c 
363 c 
364 C**************************************************************** 365 C INTGRT - INTEGRATION ALONG LINE OF SIGHT 
366 SUBROUTINE INTGRTCALAT,DS,KMAX,EMIS,T> 
367 DIMENSION EMIS<4000> 
368 c 
369 ODD=0 
370 EUEN=0 
371 IMAX=KMAX-3 
372 DO 10 I=2,IMAX,2 
373 EUEN=EUEN+EMIS<I> 
374 10 ODD=ODD+EMIS<I+1> 
375 DS1=DS/COSCALAT> 
376 T=DS1/3*CEMISC1)+4*CEMIS<KMAX-l>+EUENl+2*0DD+EMIS<KMAXl> 
377 RETURN 
378 END 
379 c 
38111 c 
381 c 
382 C**************************************************************** 383 C FINALT - SCALES FOR FREQ & ADDS ON OTHER CONTRIBUTIONS 
384 SUBROUTINE FINALT<TEMPI,TEMPR,FREQ) 
385 c 
386 FACTFQ~C150.0/FRE0>**2.8 
387 FACTTH~<FREQ/408.0)$$(2.8-2.1> 
388 FACTEG=C408.0/FRE0>**2.75 
389 THERML~<1.235-1.0l*FACTTH+1.0 
390 EXTGALa3.0+3.0*FACTEG 
391 TEMPicTEMPI*FACTFO*THERML 
392 TEMPR~TEMPR$FACTFO*THERML+EXTGAL 
393 RETURN 
394 END 
395 c 
396 c 
397 c 
398 C********************~**********~******************************** 399 C OUTPUT - OUTPUTS RATIO AND ASKS FOR FURTHER ORDERS 
400 SUBROUTINE OUTPUT<T,TEMPI,TEMPR,*,*> 
401 INTEGER YES/'Y'/ 1 ANS 402 c 
403 WRITEC6,1000lTEMPI,TEMPR,T 
404 1000 FORMAT<' IRREGULAR TEMPERATURE=' ,F5.0/ 
405 &' REGULAR TEMPERATURE=' ,F5.0/ 
406 &' TOTAL TEMPERATURE=' ,F5.0) 
407 WRITEC6,1010> 
408 1010 FORMAT<' ANOTHER LATITUDE?CY/N)' 
409 READ<5,1020>ANS 
410 1020 FORMATCA1> 
411 IFCANS.EO.YESlGOTO 10 
412 WRITEC6,1030l 
413 1030 FORMAT<' ANOTHER LONGITUDE?CY/N)' > 
414 READC5,1020>ANS 
415 IFCANS.EQ.YES>GOTO 20 
416 CALL GREND 
417 RETURN 
418 10 CALL FRAME 
419 RETURN 1 
420 20 CALL FRAME 
421 RETURN 2 
422 END 
423 c 
424 c 
425 c 
426 C**************************************************************** 427 C SCALEM - SCALES EMISSIVITY TO CORRECT FREQ 
428 SUBROUTINE SCALEMCEMISI,EMISR,FREQ) 
429 c 
430 FACTFQ=C150.0/FRE0>**2.8 
431 EMISRcEMISR*FACTFQ 
432 EMISicEMISI*FACTFQ 
433 RETURN 
434 END 
435 c 
436 c 
437 c 
438 C**************************************************************** 439 C INPLOT - INITIALISES PLOTS 
440 SUBROUTINE INPLOT 
441 c 
442 CALL PAPERC1) 
443 CALL PSPACEC0.1,1.0,0.1,0.8l 
444 CALL CSPACEC0.0,1.0,0.0,1.0l 
445 CALL CTRMAGC12l 
446 CALL MAPC0.0,25.0,0.0,200.0) 
447 RETURN 
448 END 
449 c 
450 c 
451 c 
452 C**************************************************************** 453 C ANTPLT - ANOTATES PLOT 
454 SUBROUTINE ANTPLTCFREQ,ALONG,ALAT,T,TI,TR> 
455 c 
456 CALL BORDER 
457 CALL SCALES 
458 CALL PLACEC11,10> 
459 CALL TYPECSC'FREQ=' ,5> 
460 CALL TYPENFCFRE0,1> 
461 CALL TYPECSC' MHZ LONGITUDE=' ,15) 
462 CALL TYPENF<ALONG,1) 
463 CALL TYPECSC' LATITUDE=' 1 10) 464 CALL TYPENFCALAT,1) 
465 CALL PLACEC68,14) 
466 CALL TYPECSC' IRREG. TEMPERATURE=' ,19> 
467 CALL TYPENF<TI,1> 
468 CALL TYPECSC' K' ,2> 
469 CALL PLACE<68,15) 
470 CALL TYPECSC' REG. TEMPERATURE~' ,19> 
471 CALL TYPENFCTR,1> 
472 CALL TYPECSC' K' 1 2) 473 CALL PLACEC68,16) 
474 CALL TYPECSC' TOTAL TEMPERATUREa' ,19> 
475 CALL TYPENF<T,ll 
476 CALL TYPECS<' K' ,2) 
477 CALL PLACE<2,38> 
478 CALL CTRORI<1.0) 
479 CALL TYPECS<'EMISSIVITY (K/KPC>' ,18l 
480 CALL CTRORI<0.0) 
481 CALL PLACEC37,57l 
482 CALL TYPECS<'DISTANCE <KPC>' ,14) 
483 RETURN 
484 END 
485 c 
486 c 
487 c 
488 C**************************************************************** 489 C OPENF - CONNECTS -DUMP TO UNIT 1 IF NOT ASSIGNED ALREADY 
490 SUBROUTINE OPENF 
491 INTEGER CHKFDB 
492 c 
493 IFDUB~CHKFDB<1l 
494 IF<IFDUB.NE.0lGOTO 10 
495 CALL SETLIO<' 1 ' , ' -DUMP ' l 
496 10 RETURN 
497 END 
498 c 
499 c 
500 c 
501 C**************************************************************** 
502 C DUMP - DUMPS EMISIVITIES IN TO -DUMP 
503 SUBROUTINE DUMP<EMISR,EMISI,KMAX,FREO,ALONG,ALAT,T,TR,TI, 
504 &RATIO,R0SQ) 
505 DIMENSION EMISI<KMAX>,EMISR<KMAXl 
506 c 
507 WRITE<1,1000l 
508 1000 FORMAT<' IRREG. EMISSIVITIES') 
509 WRITEC1,1010>EMISI 
510 1010 FORMATC1X,20CF5.1ll 
511 WRITEC1,1020> 
512 1020 FORMAT<' REGULAR EMISSIVITIES' 
513 WRITEC1,1010>EMISR 
514 WRITEC1,1030lALONG,ALAT,FREO,RATIO,R0SQ 
515 1030 FORMAT<' LONGITUDE•' ,F4.0,' LATITUDE•' ,F4.0/ 
516 &' FREQa' ,F6.0,' RATIO•' ,F6.4,' R0SQ•' ,F5.1l 
517 WRITEC1,1040lTI,TR,T 
518 1040 FORMATe' IRREG. TEMP•' ,FS.l,' REG. TEMP•' ,FS.l, 
519 &' TOTAL TEMP•' ,F6.1l 
520 RETURN 
521 END 
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Contents 
Source file of emissivity plotting program. 
Purnose 
To produce 'grey scale' plots of the face-on emissivity 
distribution of synchrotron radiation from the model galaxy used 
in SYNP. The synchrotron emissivity values are calculated for the 
plane only, and at every ikpc on a square grid. The program then 
produces a grey scale plot of this distribution. 
Logical I/O Units Referenced 
4 - input file of arms parameters 
5 - default terminal input 
6 - default terminal output 
9 - output plot file 
Usage 
Compile using *FTNX. To run, use the £RUN command and 
concatenate the object file with *GHOST. When running the program 
will prompt for the following, in order: 
ratio from NORMP 
R2 
0 
from NORMP 
(Fl0.4) 
(Fl0.4) 
On completion of the run, the file on unit 9 will contain the 
plot description, which can then be used by for example *DURPLOT 
or *PLOTSEE to obtain a plot. 
Description 
The input file on unit 4 contains the arm parameters for the 
model and has the same format as in the SYNP description. In the 
code NARMS is to be assigned the number of arms that should be in 
the file on unit 4. If too few are there then the program will 
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crash; if too many then it will ignore the extra ones at the end 
of the line. 
The emissivity calculated is the same as in the SYNP run, if 
the arms file is the same and the subroutines: nxtarm, field and 
elden are identical in the two programs. The emissivity produced 
is that due to pure synchrotron emission at 408 MHz., with no 
thermal added. In the code DX and DY are to be assigned the 
required X andY spacing of the sample points: at present both are 
~pc •• 
The plot of the emissivity values is then produced. This 
uses *GHOST routines. The subroutine GREY produces the 'grey 
scale' points using an algorithm which increases the width of a 
plotted line corresponding to equally spaced steps in the logarithm 
of the emissivity values. The subroutine has the following 
arguments passed to it: 
GREY(ARRAY ,X, Y ,NS ,NF ,ZMDT ,ZMAX ,KSTEPS ,XSIZE, YSIZE) 
ARBAY, X andY are three one-dimensional, real arrays which 
contain the emissivity values, x coordinates andy coordinates 
respectively, of the set of points to be plotted. So, the Nth 
point has coordinates X(N),Y(N) and a value of ARRAY(N). NS and 
NF are two integer variables containing the starting and finishing 
indices respectively, of the set of points to be plotted from the 
arrays. ZMIN is the lower limit to the emissivity value, below 
which no line is plotted. Above ZMIN and below ZMAX there are 
KSTEPS equal, logarithmic steps. For the first of these a line 
of single thickness is drawn, and for each successive higher step, 
two additional lines are added to thicken it. So, corresponding 
to division K, there will be a line of thickness 2*K-l. Above 
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ZMAX all values are plotted with a line thickness of 2*K+l. The 
lines drawn for each point are parallel to the x axis, and are of 
in the same units as the x coordinatcso 
Successive thickening lines are spaced YSIZE*l/1000 from each 
other, measured in units of the y coordinate. Thus a point at 
X,Y, with a value which is in the 2nd division will be plotted: 
X y JrsiZE/1000 
----+a-=---
JrsiZE/1000 
-----
XSIZE/1000 
In GALVIEW, XSIZE is 200.0 and YSIZE is 40.0, thus the lines are 
l/5th kpc long and are spaced in the y direction by l/25th kpc. 
The final plot also has the galactic centre and the sun 
positions marked, and the 15 kpc. circle drawn in. 
Example 
Assuming GALVIEW has been compiled by *FTNX, and the object 
file is in -LOAD: 
£run -load+*ghost 4=arms9 9=-plot 
RA'fiO"? 
RO SQUARED? 
0. 7322 
139· 
This will take approximately 20 cpu sec. to run and will produce 
a plot file of about 70 pages. If plotting this on the Hewlett-
Packard 7221, it will take about 30 minutes for the complete plot. 
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Program Structure 
gal view 
inputl 
fnorm 
nxtarm 
field 
elden 
emiss 
(paper ) 
(pspace) 
(map ) 
grey 
posarm 
grad 
(ctrmag) 
(positn) 
(line ) 
(redpen) 
( gpoint) 
(ctrset) 
(plotnc) 
(blkpen) 
(broken) 
(positn) 
(circle) 
(full ) 
(grend ) 
brackets indicate *GHOST routines. 
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1 c~~~~~~~~~~~~~··~~~~~•~*~~~******~***********~******************~ 
2 C$ 1!1 
3 C~ GALVIEW Q 
4 Cl;l l:l 
5 c•~~•••~~******************************************************** 6 DIMENSION EMISC10000l,XC10000l,YC10000>,ARMC27,20> 
7 COMMON /DATA/PI 
8 c 
9 CALL INPUT1CFREO,RATIO,R0SO,ARM,NARM> 
10 PI=3.141593 
11 DX~1/3.0 
12 DY=1/3.0 
13 2=0.0 
14 R0=SQRT<R0SQl 
15 F0~FNORM(R0l 
16 FACTFQ=<150.0/FREQ)l:IQ2.8 
17 N=0 
18 DO 20 I=1,90 
19 DO 20 J=1,90 
20 N=N+l 
21 XCN>=<I-45.5l$DX 
22 Y<Nl=CJ-45.5l$DV 
23 CALL RTP<XCNl,YCN>,R,PHI> 
24 IFCR.LT.15.0JGOTO 10 
25 EMISCN>=0.0001 
26 GOTO 20 
27 10 CALL NXTARM<DIN,DOUT,GR,R,PHI,0,ARM,NARM> 
28 CALL FIELD<R,PHI,Z,R0,DIN,DOUT,l,HREG,COMP,0> 
29 CALL ELDENCR,Z,0,1,ELN) 
30 CALL EMISSCHREG,F0,COMP,RATIO,ELN,FACTFQ,EMIS<N>> 
31 20 CONTINUE 
32 CALL PAPER<l> 
33 CALL PSPACEC0.0,1.0,0.0,1.0> 
34 CALL MAP<-20.0,20.0,-20.0,20.0> 
35 CALL GREY<EMIS,X,Y,l,N,l.0,200.0,6,200.0,40.0> 
36 C DRAW SUN & GALACTIC CENTRE 
37 CALL REOPEN 
38 CALL GPOINTC0.0,10.0) 
39 CALL CTRSETC4> 
40 CALL PLOTNCC0.0,10.0,54) 
41 CALL PLOTNCC0.0,0.0,45> 
42 CALL CTRSET<l> 
43 C DRAW 15 KPC CIRCLE 
44 CALL BLKPEN 
45 CALL BROKENC5,5,5,5> 
46 CALL POSITNC0.0 1 0.0> 
47 CALL CIRCLEC15.0) 
48 CALL FULL 
49 CALL GREND 
50 STOP 
51 END 
52 c 
53 c 
54 c 
55 C**************************************************************** 56 C INPUT! - GETS FREQ FIELD PARAMETERS & ARMS 
57 SUBROUTINE INPUT1CFREO,RATIO,R0SO,ARM,NARM> 
58 DIMENSION ARMC27,20> 
59 c 
60 C NARM IS NUMBER OF ARMS TO BE READ IN FROM FILE ON 4. 
61 C IF TOO FEW IN FILE - CRASH! 
62 NARM=ll 
63 FREQ•408.0 
64 WRITE<6,1020> 
65 1020 FORMAT<' RATIO?'/' R0 SQUARED?' ) 
66 C RATIO & R0SQ ARE PARAMETERS FROM NORMP RUN 
67 READC5,1030>RATIO,R0SQ 
68 1030 FORMATCF10.4l 
69 DO 10 I=1,27 
70 READC4,1040lCARM<I,J>,J=1,NARMl 
71 1040 FORMAT<20CF10.6,2Xll 
72 10 CONTINUE 
73 RETURN 
74 END 
75 c 
76 c 
77 c 
78 C**************************************************************** 79 C FNORM - NORMALISATION OF FIELD TO 3 AT SUN 
80 FUNCTION FNORM<R0l 
81 c 
82 CALL FIELDC10.0,0.0,0.0,R0,10.B,10.0,l,HREG,COMP,0l 
83 FNORM=C3.0/HREGl$Q1.8 
84 RETURN 
85 END 
86 c 
87 c 
88 c 
89 C**************************************************************** 90 C RTP - RECTANGULAR TO POLAR CONVERSION 
91 SUBROUTINE RTP<X,Y,R,PHil 
92 COMMON /DATA/PI 
93 c 
94 R~SORT<X*X+Y*Yl 
95 PHI=ATAN2<X,Yl 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
us 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
c 
c 
IF<PHI.LT.0.0lPHiaPHI+2*PI 
RETURN 
END 
c 
C**************************************************************** C NXTARM - FINDS THE DISTANCE TO THE NEAREST ARM & MEAN GRADIENT 
c 
SUBROUTINE I'IXTARMCDII'l,DOUT,GR,R,PHI,JF,ARM,I'lARMl 
DIMENSION ARMC27,1'1ARMl,RAC20> 
COMMON /DATA/PI 
REAL MIDBAR 
IFCJF.E0.1>GOTO 40 
C OBTAIN POSITIONS OF ALL ARMS AT THIS PHI VALUE 
CALL POSARM<PHI,RA,ARM,NARMl 
C INITIALISE - INNER ARM AT 0, OUTER AT EDGE OF GALAXY 
RMIN=0.0 
RMOUTa15.0 
C FIND R VALUE OF NEAREST INNER ARM AND SET RMII'l 
C EQUAL TO THIS AND III'! EQUAL TO ARM NUMBER. 
C IF NO INNER ARM RMII'l•0. 
DO 5 I=1,NARM 
IFCRACI>.E0.0.0>GOTO 5 
IF<RA<I>.GT.RlGOTO 5 
IFCRA<I>.LE.RMII'l>GOTO 5 
RMIN•RACI> 
IIN .. I 
5 CONTINUE 
C FIND RVALUE OF NEAREST OUTER ARM AND SET RMOUT 
C EQUAL TO THIS AND !OUT EQUAL TO ARM NUMBER. 
C IF NO OUTER ARM RMOUT•15.0 
DO 10 I=1,NARM 
IFCRACil.EQ.0.0lGOTO 10 
IFCRACil.LT.RlGOTO 10 
IF<RA<Il.GE.RMOUTlGOTO 10 
RMOUT=RACil 
IOUT=I 
HI CONTINUE 
C IF NO INNER ARM FIND DISTANCE TO BAR. 
C IF R>4.1 FIND DISTANCE TO CENTRE. 
C SET GRADIENT TO ZERO. 
IF<RMII'l.GT.0.0lGOTO 15 
THETA1=0.261799 
THETA2=0.261799*2.0 
MIDBAR=<PI+THETA1+THETA2l/2.0 
ALPHA .. PHI-THETA2 
IFC PHI.GT.MIDBAR. 
& AND.PHI.LE.MIDBAR+PI>ALPHA-PHI-THETAl 
DIN .. R*ABSCSINCALPHAll 
IFCR.GT.4.1lDIN•R 
GRIN=0.0 
GOTO 20 
15 CONTINUE 
C OTHERWISE CALC DISTANCE TO INNER ARM & GRADIENT. 
DR=R-RMIN 
CALL GRADCPHI,IIN,RMII'l,GRII'l,ARM,NARMl 
DIN-DR*COSCGRIN> 
C IF NO OUTER ARM SET DISTANCE TO 
C OUTER ARM TO 100.0 <I.E. VERY BIG>. 
C SET GRADIENT TO ZERO. 
20 IF<RMOUT.LT.15.0lGOTO 25 
DOUT=100.0 
GROUT-0.0 
GOTO 30 
25 CONTINUE 
C OTHERWISE CALC DISTANCE TO OUTER ARM & GRADIENT. 
DR-RMOUT-R 
CALL GRAD<PHI,IOUT,RMOUT,GROUT,ARM,NARM> 
DOUT•DR*COS<GROUTl 
C CALC DISTANCE WEIGHTED MEAN GRADIENT. 
c 
c 
c 
30 GR-<GRIN*DOUT+GROUT*DII'll/CDIN+DOUT+0.00001l 
40 RETURN 
END 
C**************************************************************** C FIELD - CALCULATES THE FIELD AT THE CURRENT POINT 
c 
SUBROUTINE FIELD<R,PHI,Z,R0,DIN,DOUT,K,HREG,COMP,JFl 
COMMON /FIELDH/Hl<1>,H2C1l 
C IF PREVIOUSLY CALCULATED IN PLANE, ONLY DOES PART NEEDED. 
IF<JF.E0.1lGOTO 5 
C THETA IS ANGLE ANTICLOCKWISE BETWEEN R AND MAJOR AXIS 
C OF ELLIPSE <123 DEGREES>. 
THETA-2.146755-PHI 
S•SINCTHETAl 
C•COS<THETAl 
HH-1-EXPC-R*R*<C*C/8+S*S/4)) 
H1CKl=HH*EXPC-R*R/R0/R0l 
IFCR.LT.10.0>GOTO 2 
CRa(15.0-Rl*0.396 
GOTO 3 
2 CONTINUE 
191 CR=1.98 
192 3 C1=EXPC-18$DIN$DIN> 
193 C2=EXPC-18$DOUT$DOUT> 
194 H2CK>=CR$AMAX1CC1,C2> 
195 5 FZ=1+0.7715$Z-17$Z$Z+22.94$Z$Z$Z 
196 IF<Z.GT.0.5>FZ=0.0 
197 COMP=<H2CK>$FZ+0.7)/0.7 
198 IF<R.GT.4.0>GOTO 10 
199 C CALCULATE BAR CONTRIBUTION AS 0.5 OF ARM CONTRIBUTION AT 4KPC. 
200 HREG=<1-EXPC-4.0>>*EXPC-4.0*4.0/R0/R0>*CCOMP-1.0>*0.5 
201 & +H1CK) 
202 RETURN 
203 10 HREG•H1CK)$COMP 
204 RETURN 
205 END 
206 c 
207 c 
208 c 
209 C***************************************************************~ 210 C POSARM - FINDS THE POSITIONS OF THE ARMS AT ANY PHI 
211 SUBROUTINE POSARMCALPHA,RA,ARM,NARM> 
212 DIMENSION RACNARM>,ARMC27,NARM) 
213 COMMON /DATA/PI 
214 c 
215 C CALCULATES ARM POSITIONS FROM CHEBYSHEV POLYNOMIAL COEFFICIENTS. 
216 DO 15 I=1,NARM 
217 RA<I>•0 
218 PHI=ARMC1,I>-ALPHA 
219 IF<PHI.GE.0>GOTO 5 
220 PHI=2$PI+PHI 
221 5 IF<PHI.GT.ARMC2,I>>GOTO 15 
222 N=ARMC2,I)/0.261799+1 
223 THETA•PI$PHI/CN$0.261799)+PI/C2$N) 
224 C FINDS MULTIPLE ANGLE SINES AND COSINES BY RECURSION TO SAVE TIME. 
225 C=COSCTHETA> 
226 S•SINCTHETA> 
227 CN•1.0 
228 SN•0.0 
229 DO 10 K•1,N 
230 RACI>=RA<I>+ARMCCK+2>,I>$CN 
231 CNl•CN$C-SN$S 
232 SN1=CN$S+SN$C 
233 SN•SNl 
234 10 CN•CN1 
235 15 CONTINUE 
236 RETURN 
237 END 
238 c 
239 c 
240 c 
241 C**************************************************************** 242 C GRAD - CALCULATES GRADIENT OF ARM FROM CHEBYSHEV COEFFICIENTS 
243 SUBROUTINE GRAD<ALPHA,I,RIN,GR,ARM,NARM> 
244 DIMENSION ARMC27,NARM> 
245 COMMON /DATA/PI 
246 c 
247 GR•0 
248 PHI•ARMC1,I>-ALPHA 
249 IFCPHI.GE.0>GOTO 5 
250 PHI=2$PI+PHI 
251 5 N•ARMC2,I)/0.261799+1 
252 THETA•PI$PHI/CN$0.261799)+PI/(2$N) 
253 C FINDS MULTIPLE ANGLE SINES AND COSINES BY RECURSION TO SAVE TIME. 
254 C•COSCTHETA> 
255 S=SINCTHETA> 
256 CN•1.0 
257 SN•0.0 
258 DO 10 K•1,N 
259 GR•GR-ARMCCK+2>,I>$CK-1>*SN*Pl/CN$0.261799> 
260 CNl•CN$C-SN*S 
261 SN1•CN*S+SN$C 
262 SN•SN1 
263 10 CN•CN1 
264 GR•ATANCGR/RIN> 
265 RETURN 
266 END 
267 c 
268 c 
269 c 
270 C**************************************************************** 271 C ELDEN - CALCULATES THE ELECTRON DENSITY 
272 SUBROUTINE ELDEN<R,Z,JF,K,ELN> 
273 COMMON /ELDENW/W(1) 
274 c 
275 IF<JF.E0.1>GOTO 5 
276 W<K>=0.591-0.0652$R+0.0106$R$R 
277 5 X=Z/WCK) 
278 IFCX.GT.10.85>GOTO 10 
279 ELN=80$(1-0.3552$X+0.04733$X*X-0.002127$X$X$X) 
280 GOTO 20 
281 10 ELN=0.0 
282 20 RETURN 
283 END 
284 c 
285 c 
286 c 
287 C**************************************************************** 288 C EMISS - CALCULATES EMISIVITY AT CURRENT POINT 
289 SUBROUTINE EMISS<HREG,F0,COMP,RATIO,ELN,FACTFQ1 EMIS> 290 c 
291 EMIS1cHREG**1.8 
292 EMIS=0.0498*ELN$F0$EMIS1$FACTFQ$(1+1/RATIO> 
293 RETURN 
294 END 
295 c 
296 c 
297 c 
298 C**************************************************************** 299 C GREY - PLOTS GREY SCALE POINTS 
300 SUBROUTINE GREY<ARRAY,X,Y,NS,NF,ZMIN,ZMAX,KSTEPS,XSIZE,YSIZE) 
301 DIMENSION ARRAY<NF>,X<NF>,Y<Nf> 
302 c 
303 CALL CTRMAG<4> 
304 DXc1$XSIZE/1000 
305 DY=1$YSIZE/1000 
306 ALN=ALOG<ZMAX/ZMINl/KSTEPS 
307 DO 10 N=NS,NF 
308 K=ALOGCARRAY<Nl/ZMIHl/ALN 
309 IF<K.LT.0>GOTO 10 
310 IF<K.GT.KSTEPS>K=KSTEPS 
311 K=K+1 
312 CALL POSITNCXCN>-DX/2 1 YCN)) 313 ISGN=-1 
314 DO 5 I=1,K 
315 ISGN•ISGN$<-1> 
316 DX1-DX$ISGN 
317 DY1=<I-1l$DY$ISGN 
318 CALL LINEC0.0,DY1l 
319 CALL LINECDX1,0.0l 
320 5 CONTINUE 
321 10 CONTINUE 
322 CALL CTRMAG<20> 
323 RETURN 
324 END 
MAP DEC 
Contents 
Source file of card deck generating program. Object file 
kept in MAPD-C. 
Purpose 
To generate a deck of cards from a map file or tape, which 
will produce a contour map when input to *GPCP. 
Logical I/O Units Referenced 
3 - contour level file, default HLEVS 
5 default terminal input 
6 - default terminal output 
10 - input map file (must be sequential) 
11 - input tape of observations (QPHKlB) 
12 - output file for *GPCP deck 
Usage 
Compile using *FTNX. Compiled version in MAPD-C. To run use 
£RUN command. The program will then prompt for the input required. 
All numerical input is in the form nnn., with no spaces before the 
first digit. 
The input contour level file on unit 3 contains the contour 
levels to be plotted in the map. The format is: 
columns 1-4 5-8 9-12 13-16 
LOLEV HILEV INCLEV KLEV 
Each line in the file details a group of contour levels with 
constant spacing. The numbers are read in in I4 format. Each set 
is drawn with a spacing INCLEV, from LOLEV to HILEV and every 
KLEVth is labelled. 
The input map file in unit 10 is of the same format as 
• 
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that produced by the CONVP program and used by the PRFL program. 
The input tape to unit 11 is the tape QPHKlB, mounted on, for 
example, -!!-m.;s. -- .L .• 0 
The output to unit 12 is the deck of cards for use by *GPCP. 
The contour plot is obtained by running *GPCP with this file on 
the unit SCARDS. SPRINT is set to a temporary dump file, to 
disable echoing of all the data points on the terminal. The plot 
file of the contour map will be then written to unit 9· 
Description 
The program produces a complete deck of cards for use with 
*GPCP. The size of map that can be accommodated is dependant upon 
the dimensions of the array DATA(M,N). M is the longitude index, 
N is the latitude index. The contour level file assigned to unit 
3 is the file used in the program. If no file is assigned, the 
program will use HLEVS, uhich has the same contouring as the 
Haslam maps from M.P.I.F.R.A •• 
Example 
trun mapd-c 11=*t* 12=-map 
OBSERVATIONS OR MODEL DATA? 
0 
408MHZ ALL SKY DATA 
ENTER MAP REQUIRED 
LOWER LONGITUDE? 
UPPER LONGITUDE? 
o. 
30. 
LOWER LATITUDE? 
UPPER LATITUDE? 
-10. 
10. 
MAP TITLE? 
first test run 
PROFILE? ( Y /N) 
n 
This produces the deck for the contour map of observations from 
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0°- 30° longitude and -10°- 10° latitude. The contouring will be 
as in the Bonn maps. To obtain the plot file for use v!i th 
*"DURFLOT or *PLOTSEE; 
£run *gpcp scards=-map sprint=-dump 9=-plot 
The time taken to generate the plot varies depending upon the 
nature and size of the map, but a time of the order of 20 cpu sec. 
is to be e:rpected. The plot file produced is usually of the order 
of 60 pages. 
Program Structure 
mapdec 
openf 
/setlio/ 
observ 
load 
mapnum 
posmap 
lng 
screen 
btd 
cntrl 
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1 Clll*************************lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll********* 
2 Clll Ill 
3 Clll MAPDEC - GENERATES CARDS FOR IIIGPCP Ill 
4 Clll Ill 
5 Clll*******llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
6 DIMENSION TITLEC18> 
7 DIMENSION DATAC1001,91> 
8 REAL LOLGMP,LOLTMP,LOLNG,LOLGM1 1 LAT1,LONG1,LAT2,LONG2 9 INTEGER YES/1HY/ 1 ANS,HILEV,HILTGD,HILGGD 10 INTEGER OBS/'0'/,MODEL/'M'/ 
11 c 
12 CALL OPENF 
13 1 WRITE<6,1030) 
14 1030 FORMATe' OBSERVATIONS OR MODEL DATA?' > 
15 READC5,1040JANS 
16 1040 FORMATCA1) 
17 IFCANS.EQ.OBS>GOTO 200 
18 IFCANS.EQ.MODEL>GOTO 100 
19 GOTO 1 
20 100 READC10> LOLNG,HILNG,ALATl,ALAT2,RESL,RESB,FREQ,HPBW,NL,NU, 
21 &ML,MU 
22 ILAT•-ALAT1-SIGN<0.0l,ALAT1> 
23 WRITEC6,1020>LOLNG,HILNG 
24 1020 FORMAT<' DATA IS FROM' ,FS.B,' TO' ,FS.B,'DEGREES LONGITUDE'> 
25 WRITEC6,1050>ALAT1,ALAT2 
26 1050 FORMAT<' ',F4.0,' TO' ,FS.B,'DEGREES LATITUDE'> 
27 WRITEC6,1003> 
28 1003 FORMATC'LOWER LONGITUDE?'/'UPPER LONGITUDE?'> 
29 READCS,1004) LOLGMP,HILGMP 
30 1004 FORMATCF5.0> 
31 WRITEC6,1005> 
32 1005 FORMAT<' LOWER LATITUDE?'/'UPPER LATITUDE?'> 
33 READC5,1006> LOLTMP,HILTMP 
34 1006 FORMAT<FS.B> 
35 AHILNG•HILNG 
36 AHILGM•HILGMP 
37 IF<LOLGMP.LE.HILGMP>GOTO 2 
38 HILNG-HILNG+360.0 
39 HILGMP•HILGMP+360.0 
40 2 MHI•MU-ML+1 
41 NHI-NU-NL+1 
42 READ<10> <<DATA<M,N>,M•1,MHI>,N•1,NHI> 
43 MU•<HILNG-LOLGMPJ/RESL+l+B.l 
44 ML-CHILNG-HILGMP)/RESL+1+0.1 
45 IFCMU.LT.0> MU=MU+360/RESL+0.1 
46 IFCML.LT.B> ML=ML+360/RESL+0.1 
47 NU•<ILAT+HILTMPJ/RESB+1+0.1 
48 NL•CILAT+LOLTMPl/RESB+1+0.1 
49 GOTO 300 
50 200 CALL OBSERVCDATA,ML,MU,NL,NU,LOLGMP,HILGMP, 
51 & LOLTMP,HILTMP,RESL,RESB,FREO,HPBW> 
52 AHILGM=HILGMP 
53 IFCLOLGMP.LE.HILGMP>GOTO 300 
54 HILGMP-HILGMP+360.0 
55 300 WRITEC6,1000> 
56 1000 FORMATe ' MAP TITLE?' > 
57 READC5,1001l TITLE 
58 1001 FORMATC18A4> 
59 WRITEC12,1002> TITLE 
60 1002 FORMAT(' JOB ',18A4/' FLEX'/'PAGE 11' J 
61 WRITEC12,1007) LOLGMP,RESL,HILGMP,LOLTMP,RESB,HILTMP 
62 1007 FORMAT<' SIZE 2.54 2.54 .1 .5' ,F10.0,F5.3,Fl0.0, 
63 &F10.0,F5.3,F10.0> 
64 MMAX=MU-ML+1 
65 NMAX•NU-NL+1 
66 WRITEC12,1008> MMAX,NMAX 
67 1008 FORMATC'ARAY ',19X,'2'/'ARAY 1' ,IS,' 1' ,IS> 
68 DO 5 N=NL,NU 
69 5 WRITEC12,1009J <DATA<M,NJ,M•ML,MU> 
70 1009 FORMATC'ARAY ',SE14.5) 
71 WRITEC12,1010> 
72 1010 FORMAT<' BEND' /' PHS4' > 
73 GOTO 10 
74 6 WRITEC6,1011> 
75 111111 FORMAT<' CONTOUR LEVELS ON FILE?CY/N)' > 
76 READ<S,1012> ANS 
77 1012 FORMAT<A1> 
78 IF<ANS.EQ.YES> GOTO 10 
79 10 READ<3,1013,END•20> LOLEV,HILEV,INCLEV,KLEV 
80 1013 FORMAT<4I5> 
81 NLEV•CHILEV-LOLEVJ/INCLEV+1 
82 WRITEC12,1014> LOLEV,LOLEV,INCLEV,INCLEV,NLEV,KLEV 
83 1014 FORMATC'LEVS ',215 1 ' 2 .07' ,· .5' ,SX,'-0.03' ,SX, 84 &' 0 3 ',415) 
85 GOTO 10 
86 20 WRITEC12,1015> 
87 1015 FORMATe' BRDR' > 
88 LOLGM1=LOLGMP+.1 
89 HILTM1=HILTMP+1.1 
90 WRITE<12,1016JLOLGM1,HILTM1,FREO,HPBW,LOLGMP,AHILGM, 
91 &LOLTMP,HILTMP 
92 1016 FORMATC'SYMB 1' ,FS.0,F5.0,SX,' .1 27', 
93 &15X,'FREQ•' ,FS.0,'MHZ HPBW•' ,F4.0,'MINS'/ 
94 &' ETCS ',25X,' 30', 15X,' ',FS.0,' L ',F5.0, 1X,F5.0, 
95 &' B ',FS.0> 
96 LOLTGD~AMOD<LOLTMP,5.0)+0.1 
97 IF<LOLTGD.LT.B> LOLTGD•LOLTGD+4 
98 HILTGDaAMOD<HILTMP,5.0)+0.1 
99 IFCHILTGD.LT.0> HILTGD•HILTGD+4 
100 LOLTGD•LOLTMP-LOLTGD+S 
101 HILTGD=HILTMP-HILTGD 
102 LOLGGD•AMOD<HILGMP,5.0>+0.1 
103 IF<LOLGGD.E0.0>LOLGGD•S 
104 LOLGGD=LOLGMP+LOLGGD 
105 HILGGD•5.0-AMODCLOLGMP,5.0)+0.1 
106 HILGGD•HILGMP-HILGGD 
107 DO 30 LT=LOLTGD,HILTGD,S 
108 WRITEC12,1018> LOLGMP,LT,HILGMP,LT 
109 1018FORMAT<'LINE l',F5.0,I5,F5.0,I5,15X,' 1') 
110 30 CONTINUE 
111 DO 40 LG•LOLGGD,HILGGD,S 
112 WRITE<12,1019) LG,LOLTMP,LG,HILTMP 
113 1019 FORMAT<' LINE 1' , IS, FS. 0, IS, FS. 0, 15X,' 1' ) 
114 40 CONTINUE 
115 WRITE<6,1026> 
116 1026 FORMATC'PROFILE?CY/N)' > 
117 READ<5,1012>ANS 
118 IF<ANS.NE.YES> GOTO 50 
119 45 WRITE<6,1021> 
120 1021 FORMAT<' LATl ?' /'LONG!?' > 
121 READ<5,1022>LAT1,LONG1 
122 1022 FORMATCF5.0) 
123 WRITE<6,1023) 
124 1023 FORMATC'LAT2?'/'LONG2?') 
125 READC5,1022> LAT2,LONG2 
126 USCALE=HILEV/5.0 
127 LONG1•HILGMP-LONG1+LOLGMP 
128 LONG2•HILGMP-LONG2+LOLGMP 
129 WRITE<12,1024)U5CALE,HILEV,LONG1,LAT1,LONG2,LAT2 
130 1024 FORMATC'GPRO'/'PSCL 2.00' ,F10.0,10X,I10/ 
131 &' SECC 1' ,4fHI.0/' PGID ',25X,' 11' > 
132 WRITE<6,1025> 
133 1025 fORMAT<' ANOTHER PROfiLE?< Y/N )' ) 
134 READ<5,1012>ANS 
135 IF<ANS.EO.YES>GOTO 45 
136 50 WRITE<12,1017) 
137 1017 FORMAT<' END' /' STOP' > 
138 STOP 
139 END 
140 c 
141 c 
142 c 
143 C**************************************************************** 144 C OPENF - CONNECTS HLEUS TO UNIT 3 If NOT ASSIGNED ALREADY 
145 SUBROUTINE OPENF 
146 INTEGER CHKfDB 
147 c 
148 IFDUB=CHKFDB<3> 
149 IF<IFDUB.NE.B>GOTO 10 
150 CALL SETLIO<' 3 ' , ' PHM8: HLEUS ' ) 
151 10 RETURN 
152 END 
153 c 
154 c 
155 c 
156 C**************************************************************** 157 C OBSERU - GETS MAP fROM TAPE 
158 SUBROUTINE OBSERU<DATA,ML,MU,NL,NU,LOLGMP,HILGMP, 
159 & LOLTMP,HILTMP,RESL,RESB,FREO,HPBW> 
160 DIMENSION DATA<1001,91) 
161 REAL LOLGMP,LOLTMP 
162 c 
163 ML•1 
164 NL•1 
165 RESL=1/3.0 
166 RES8=1/3.0 
167 FREQ=408.0 
168 HPBW•51.0 
169 WRITE<6,1000> 
170 1000 FORMAT<' 408MHZ ALL SKY DATA'//' ENTER MAP REQUIRED'> 
171 WRITE<6,1010> 
172 1010 FORMAT<' LOWER LONGITUDE?'/' UPPER LONGITUDE?') 
173 READ<5,1020>LOLGMP,HILGMP 
174 1020 FORMAT<F5.0l 
175 WRITE<6,1030> 
176 1030 FORMAT(' LOWER LATITUDE?'/' UPPER LATITUDE?') 
177 READ<5,1020lLOLTMP,HILTMP 
178 CALL ALOAD<LOLGMP,HILGMP,LOLTMP,HILTMP,DATA,MU,NUl 
179 RETURN 
180 END 
181 c 
182 c 
183 c 
184 C**************************************************************** 185 C ALOAD - LOADS MAP FROM TAPE 
186 SUBROUTINE ALOAD<LONG1,LONGZ,LAT1,LAT2,ARRAY,JXF,JYF) 
187 DIMENSION ARRAYC1001,91>,MAPOBS<91,61) 
188 COMMON /PARS/YMAX,FREO,HPBW 
189 REAL LONG1,LONGZ,LAT1,LAT2,MAPOBS 
190 c 
191 YMAX•1000.0 
192 FREQ~408.0 
193 HPBW=51.0 
194 CALL MAPNUM<LONG1,LAT1,MN1,-1) 
195 CALL MAPNUM<LONG2,LAT1,MN2,-1) 
196 CALL MAPNUMCLONG1,LAT2,MN3,1l 
197 M12=<MN2/12+1>*12 
198 IF<MN1.LE.MN2lGOTO 10 
199 MN2=MN2+12 
200 10 MAXY=CMN3-MN1l+1 
201 NU•C90+LAT2l*3+1+0.01 
202 NL~<90+LAT1l*3+1+0.01 
203 NSUB•NU-NL 
204 MU-LONG2*3.0+1+0.01 
205 ML-LONG1*3,0+1+0.01 
206 MSUB=MU-ML 
207 IF<MSUB.LT.0lMSUB=MSUB+360*3 
208 MU=MSUB+1 
209 JXF=MU 
210 JYF=NSUB+1 
211 DO 40 MNY•1,MAXY,12 
212 MM-0 
213 DO 30 MNX=MN1,MN2 
214 MNX1=MNX 
215 IF<MNX.GT.M12lMNX1-MNX-12 
216 MN•MNX1+MNY-1 
217 CALL POSMAPCMNl 
218 READC11,1017lMAPOBS 
219 1017 FORMAT(/(20F6.1l) 
220 IL•1 
221 IU•91 
222 JL=1 
223 JU-61 
224 IF<MNX.EQ.MN1liU•46-LNG<LONG1,MN1l 
225 IF<MNX.EQ.MN2liL•46-LNG<LONG2,MN2l 
226 IF<MNY.EQ.1lJL•NL-CMN-1l/12*60 
227 IFCMNY.EQ.MAXYlJU•NU-<MN-1)/12*60 
228 IF<IL.LT.1liL•1 
229 IF<IU.GT.91>IU•91 
230 IFCJL.LT.1lJL•1 
231 IF<JU.GT.61lJU-61 
232 DO 20 J•JL,JU 
233 N•(MN-1l/12*60+J-NL+1 
234 DO 20 I•IL,IU 
235 M=MU-MM+I-IU 
236 20 ARRAY<M,N>•SCREEN<MAPOBS<I,Jll 
237 30 MM=IU-IL+MM 
238 40 CONTINUE 
239 RETURN 
240 END 
241 c 
242 c 
243 c 
244 C**************************************************************** 245 SUBROUTINE MAPNUM<LONG,LAT,MN,ITOPl 
246 REAL LONG,LAT 
247 c 
248 M1•<LONG+15.0ll/30 
249 Ml•MOD<M1,12l+1 
250 M2=CLAT+90.0-ITOP*0.0ll/20.0 
251 MN•M2*12+M1 
252 RETURN 
253 END 
254 c 
255 c 
256 c 
257 C**************************************************************** 258 FUNCTION LNG<LONG,MNl 
259 REAL LONG 
260 c 
261 ALNG=LONG 
262 IF<ALNG.GE.345.0lALNG•LONG-360.0 
263 A•<ALNG-MOD<<MN-1l,12l*30.0l*3.0 
264 AA=ABS<A>+0.01 
265 A-SIGN<AA,A> 
266 LNG•A 
267 RETURN 
268 END 
269 c 
270 c 
271 c 
272 C**************************************************************** 273 FUNCTION SCREENCXl 
274 SCREEN=X 
275 IFCSCREEN.LT.0.0lSCREEN=0.0 
276 RETURN 
277 END 
278 c 
279 c 
280 c 
281 C**************************************************************** 282 SUBROUTINE POSMAP<MNl 
283 LOGICAL*! MAPN<3l,POS<12l,STAR 
284 INTEGER*2 LEN 
285 DATA POS/'POSN=* '/ 
286 
287 c 
288 
289 
290 
291 
292 
293 
294 
295 
296 
DATA STAR/'~'/ 
MNTaMN 
CALL BTDC MNT, MAPNC 1), 3, ND,' ' ) 
DO 10 I=1,ND 
10 POS(6+I>=MAPN<3-ND+I> 
POS<6+ND+1>=STAR 
LEN~?+ND 
CALL CNTRL<POS,LEN,11) 
RETURN 
END 
NORMP 
Contents 
Source file of synchrotron normalisation program. 
Purpose 
2 To produce the values R and Ratio 9 needed to give normalisa-o 
tion of the predicted radio brightness profile in the plane at two 
points. If the observed temperatures at two points of longitude, 
in the plane, are specified, then this is sufficient to obtain 
unique values for the two parameters above. These, when used in 
the SYNP program will produce a predicted radio temperature curve, 
at b=O, which passes through the two normalisation points. 
2 The parameter R describes the fall off of the magnetic field 
0 
with galactic radius, which is taken to be exponential in the form 
exp(-R2/R2 ). The Ratio obtained is eQual to F1 ' 8jo.686, where F 
0 
is the ratio of the regular component to the irregular component of 
the field, in an inter-arm region. In the SYNP program, the two 
contributions to the brightness temperature are calculated such 
that: 
Ttot = Treg + Ti~Ratio 
Logical I/O Units Referenced 
4 - input file of arms parameters 
5 - default terminal input 
6 - default terminal output 
Usage 
Compile using *FTNX. To run use £RUN command. vfuen program 
is running the following parameters will be prompted for, in order: 
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frequency(in MHz) (F6.6) 
half power beam width(F6.o) 
(in minutes) 
longitude(degrees) (F4.0) 
observed temperature (F6.0) 
RO squared(in Kpc2 ) (Fl0.4) 
These parameters will then be printed on unit 6, and the ratio 
calculated corresponding to the R2 input. (seven time checks will 
0 
be given before this is ~one). The program will then prompt for 
2 
another value for R , for the same parameters as before, or for 
0 
another longitude, whence it will prompt for the observed temper-
ature and the value of R2 • If neither a new value of longitude 
0 
2 
or R is wanted, the run will cease. 
0 
Description 
The program calculates the contributions from the regular 
and irregular field of the model, and convolves them with a 
gaussian beam of specified half power beam width to give the 
contributions to the observed temperature along the chosen line 
of sight. The value Ratio is then found such that after the 
addition of the thermal and extragalactic components (as in the 
CONVP description), the temperature obtained from: 
Ttot = T + T. /Ratio reg ~rr 
is equal to the observed temperature specified. 
The model synchrotron brightness temperatures are calculated 
exactly the same way as in the SYNP program, if the arm parameters 
are the same and the subroutines: field, nxtarm and elden are 
identical in the two programs. The convolution is performed in 
the same manner as in CONVP, taking 48 points around the required 
line of sight, to obtain the convolved temperature. 
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The input file on unit 4, for the arms parameters, has the 
same form as that used by t~e SYNP program. 
Examnle 
Assuming NORMP has been compiled by *FTNX, and the object 
file is in -LOAD. 
£run -load 4=arms9 
FREQUENCY?( !YUIZ) 
408. 
HALF POWER BEAM WIDTH? (MINUTES) 
51. 
LONGITUDE? 
360. 
OBSERVED TEMPERATURE? 
425. 
R¢ SQUARED? 
100. 
prints parameters 
•••• 0 •••••••••• 
6.076 CPU SEC. 
6.064 CPU SEC. 
6.062 CPU SEC. 
6.019 CPU SEC. 
6.057 CPU SEC. 
6.062 CPU-SEC~-
6 .084 CPU SEC. 
RATIO= 1.0715 
ANOTHER R¢ SQUARED?(Y/N) 
n 
ANOTHER LONGITUDE?(Y/N) 
n 
This will calculate the ratio needed to give a temperature of 425K 
0 2 2 
at 1=360 , with R = lOOkpc, at a frequency of 408MHz and with a 
0 
half power beam width of 51 minutes of arc. This takes typically 
50 cpu sec. to run. 
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Program Structure 
normp 
inputl 
input2 
input3 
fnorm 
size 
prntps 
temp 
sma.x 
pars 
nxtarm 
posarm 
grad 
field 
elden 
emiss 
intgrt 
conv 
finalt 
output 
NOR.MP: page 4 
1 C**************************************************************** 
2 Clll Ill 
3 Clll NORMP - NORMALISATION PROGRAM Ill 
4 c• * 
5 Cllllllllllllllllllllllll******************************************************** 6 C DOES NOT INCLUDE BAR IN EVALUATION. 
7 DIMENSION ARMC27,20>,T<2BB,200>,TRC200,100),TI<200,100> 
8 COMMON /FLAG/JF 
9 COMMON /DATA/PI 
10 c 
11 C INPUT PARAMETERS 
12 CALL INPUT1<FREO,HPBW,ARM,NARM> 
13 10 CALL INPUT2CALAT1,ALONGl,OBST) 
14 20 CALL INPUT3<R0SQ) 
15 C INITIALIZE 
16 JFa-1 
17 PI=3.141593 
18 RESL=1.0 
19 RESB-1.0 
20 ALONG2•ALONG1 
21 DL-PI/Cl80.0111RESL> 
22 DB•PI/Cl80.0111RESB> 
23 R0=SQRT<R05Q) 
24 F0•FNORMCR0) 
25 NMAX=360.0111RESL+0.1 
26 MMAX•180.0111RESB+0.1 
27 C ARRAY LIMITS 
28 CALL SIZEC0.0,0.0,ALONG1,ALONG2,RESL,RESB, 
29 &MLIM,M0,NLIM,N0) 
30 C WRITE PARAMETERS 
31 CALL PRNTPSCFREQ,HPBW,ALONG1,ALAT1,0BST,R0SQ) 
32 C LONGITUDE & LATITUDE LOOPS 
33 DO 40 N=1,NLIM 
34 CALL TIMEC0) 
35 NNaN0+N 
36 NN•MODCNN,NMAX> 
37 ALONGaDLIIINN 
38 DO 30 M•l,MLIM 
39 MM•M0+M 
40 ALAT•DBIIIMM 
41 CALL TEMP<ALAT,ALONG,RATIO,R0,F0,ARM,NARM,TR<M,N>, 
42 & TI<M,N>> 
43 30 T<M,N)aTRCM,N>+TICM,N) 
44 40 CALL TIME<l,l> 
45 C CONVOLUTION 
46 CALL CONVCTI,HPBW,DB,DL,TEMPI> 
47 CALL CONV<TR,HPBW,DB,DL,TEMPR> 
48 CALL FINALTCTEMPI,TEMPR,FREQ) 
49 C CALCULATE RATIO 
50 RATIO=TEMPI/COBST-TEMPR> 
51 C WRITE RATIO AND GET FURTHER ORDERS 
52 CALL OUTPUT<RATI0,&20,&10) 
53 STOP 
54 END 
55 c 
56 c 
57 c 
58 Clll*************************************************************** 59 C INPUT! - GETS BEAM CHARACTERISTICS AND ARMS 
60 SUBROUTINE INPUT1<FREO,HPBW,ARM,NARM> 
61 DIMENSION ARMC27,20> 
62 c 
63 NARM•11 
64 WRITEC6,1000> 
65 1000 FORMAT<' FREOUENCY?CMHZ)' 
66 READC5,1010>FREO 
67 1010 FORMATCF6.6) 
68 WRITEC6,1020> 
69 1020 FORMAT<' HALF POWER BEAM WIDTH?<MINUTES>') 
70 READ<5,1030>HPBW 
71 1030 FORMAT<F6.0> 
72 DO 10 I-1,27 
73 READ<4,1040)CARM<I,J>,J•1,NARM> 
74 1040 FORMATC20<Fl0.6,2X)) 
75 10 CONTINUE 
76 RETURN 
77 END 
78 c 
79 c 
80 c 
81 C**************************************************************** 82 C INPUT2 - GETS DIRECTION & OBSERVED TEMPERATURE 
83 SUBROUTINE INPUT2<ALAT,ALONG,OBST> 
84 c 
85 WRITE<6,1000> 
86 1000 FORMAT<' LONGITUDE?'> 
87 READ<5,1020>ALONG 
88 1020 FORMAT<F4.0> 
89 ALAT-0.0 
90 WRITEC6,1030> 
91 1030 FORMAT<' OBSERVED TEMPERATURE?' > 
92 READ<5,1040>0BST 
93 1040 FORMAT<F6.0> 
94 RETURN 
95 END 
96 c 
97 c 
98 c 
99 C**************************************************************** 100 C INPUT3 - GETS R0 SQUARED 
101 SUBROUTINE INPUT3CR0SQ) 
102 c 
103 WRITEC6,1000) 
104 1000 FORMATC' R0 SQUARED?'> 
105 READC5,1010)R0SQ 
106 1010 FORMATCF10.4) 
107 RETURN 
108 END 
109 c 
110 c 
111 c 
112 C***************************************************************~ 113 C FNORM - NORMALISATION OF FIELD TO 3 AT SUN 
114 FUNCTION FNORMCR0> 
115 c 
116 CALL FIELDC10.0,0.0,0.0,R0,10.0,10.0,1,HREG,COMP,0> 
117 FNORM•C3.0/HREG)$$1.8 
118 RETURN 
119 END 
120 c 
121 c 
122 c 
123 C**************************************************************** 124 C SIZE - CALCULATES ARRAY SIZES AND SLIDE FACTORS 
125 SUBROUTINE SIZE<ALAT1,ALATZ,ALONG1,ALONGZ,RESB,RESL, 
126 &MLIM,M0,NLIM,N0) 
127 c 
128 MLIM•CALAT2-ALAT1>$RESB+1+3 
129 M0-ALAT1*RESB-1 
130 NLIM•CALONG2-ALONG1)$RESL+1+6 
131 IFCNLIM.LE.0>NLIM•NLIM+360$RESL 
132 N0•ALONG1$RESL-1-3 
133 RETURN 
134 END 
135 c 
136 c 
137 c 
138 C**************************************************************** 139 C PRNTPS - PRINTS THE PARAMETERS USED IN THE RUN 
140 SUBROUTINE PRNTPSCFREQ,HPBW,ALONG,ALAT,OBST,R0SQ> 
141 c 
142 WRITEC6,1000>FREQ,HPBW 
143 1000 FORMATC// 1 ' FREQUENCY•' ,F6.0,' MHZ',· HPBWa' ,F6.1> 
144 WRITEC6,1010>ALONG,ALAT,OBST 
145 1010 FORMAT(' LONGITUDE•' ,F4.0/' LATITUDE-' ,F2.0/ 
146 &' OBSERVED TEMPERATURE•' ,F5.0,'K') 
147 WRITEC6,1020>R0SQ 
148 1020 FORMAT<' R0 SQUARED•' ,F5.1) 
149 RETURN 
150 END 
151 c 
152 c 
153 c 
154 C**************************************************************** 155 C TEMP - CALCULATES TEMPERATURE IN ONE DIRECTION 
156 SUBROUTINE TEMPCALAT,ALONG,RATIO,R0,F0,ARM,NARM,TR,TI> 
157 COMMON /FLAG/JF 
158 DIMENSION ARMC27,NARM>,EMISRC4000>,EMISIC4000>,SC4000) 
159 c 
160 DS-0.015 
161 KMAX•SMAXCALAT,ALONG>/DS 
162 KMAX•KMAX-MODCKMAX,2>-1 
163 IFC.NOT.CJF.EQ.-1>>GOTO 10 
164 JF-0 
165 REF•ALONG 
166 GOTO 40 
167 10 IF<.NOT.CALONG.EQ.REF>>GOTO 30 
168 IFC.NOT.CJF.EQ.0>>GOTO 20 
169 JF•1 
170 20 IF<.NOT.CJF.EQ.1.AND.ABSCALAT>.GT.80.0>>GOTO 40 
171 JF•0 
172 GOTO 40 
173 30 IFC.NOT.CALONG.NE.REF>>GOTO 40 
174 JFc0 
175 REF•ALONG 
176 40 CONTINUE 
177 DO 50 Ka1,KMAX 
178 CALL PARSCR,PHI,Z,S,K,KMAX,ALAT,ALONG,DS,JF) 
179 CALL NXTARMCDIN,DOUT,GR,R,PHI,JF,ARM,NARM> 
180 CALL FIELDCR,PHI,Z,R0,DIN,DOUT,K,HREG,COMP,JF> 
181 CALL ELDENCR,Z,JF,K,ELN> 
182 50 CALL EMISSCALONG,ALAT,PHI,GR,K,HREG,F0,COMP,RATIO, 
183 & ELN,JF,EMISRCK>,EMISICK>> 
184 CALL INTGRTCALAT,DS,KMAX,EMISR,TR> 
185 CALL INTGRTCALAT,DS,KMAX,EMISI,TI> 
186 RETURN 
187 END 
188 c 
189 c 
190 c 
191 
192 
193 
194 
195 
196 
197 
198 
199 
21210 
I 21211 
21212 
21213 
21214 
205 
21216 
21217 
21218 
21219 
21121 
211 
212 
213 
214 
215 
216 
217 
218 
219 
22121 
221 
222 
223 
224 
225 
226 
227 
228 
229 
23121 
231 
232 
233 
234 
235 
236 
237 
238 
239 
24121 
241 
242 
243 
244 
245 
246 
247 
248 
249 
25121 
251 
252 
253 
254 
255 
256 
257 
258 
259 
26121 
261 
262 
263 
264 
265 
266 
267 
268 
269 
27121 
271 
272 
273 
274 
275 
276 
277 
278 
279 
28121 
281 
282 
283 
284 
285 
C**************************************************************** C PARS - CALCULATES COORDINATES ALONG LINE OF SIGHT 
c 
c 
c 
c 
SUBROUTINE PARS<R,PHI,z,S,K,KMAX,ALAT,ALONG,DS,JFLAG> 
DIMENSION S<41210121> 
COMMON /DATA/PI 
IF<JFLAG.EQ.1lGOTO 1121 
S< K )•( K-1 >*DS 
R=SQRT<11210+S(Kl*S<K>-2121*S<K>*COS<ALONG>> 
PC•<1121121+R*R-S<K>*S(K))/(2121*Rl 
IF<ABS<PCl.GT.1.121>PC•1.121 
PHiaARCOS<PCl 
IF<ALONG.GT.PI>PHI•2*PI-PHI 
IFCALONG.EQ.121.0.AND.S<K>.GT.1121.0lPHiaPI 
10 Z=SCK)~TANCALATl 
RETURN 
END 
C**************************************************************** C NXTARM - FINDS THE DISTANCE TO THE NEAREST ARM & MEAN GRADIENT 
c 
c 
c 
SUBROUTINE NXTARM<DIN,DOUT,GR,R,PHI,JF,ARM,NARM> 
DIMENSION ARM<27,NARM>,RAC20> 
IF<JF.E0.1lGOTO 4121 
CALL POSARMCPHI,RA,ARM,NARM> 
RMIN•0.121 
RMOUT•15.0 
DO 5 I•1,NARM 
IF<RA<I>.E0.121.121lGOTO 5 
IF<RA<I>.GT.RlGOTO 5 
IF<RA<I>.LE.RMIN>GOTO 5 
RMIN=RA<Il 
liN• I 
5 CONTINUE 
DO 1121 I•1,NARM 
IF<RA<I>.E0.0.121lGOTO 1121 
IF<RA<Il.LT.RlGOTO 1121 
IF<RA<Il.GE.RMOUTlGOTO 1121 
RMOUT•RA<I> 
IOUT•I 
1121 CONTINUE 
IF<RMIN.GT.0.121>GOTO 15 
DIN•100.0 
GRIN=0.121 
GOTO 2121 
15 CONTINUE 
DR•R-RMIN 
CALL GRAD<PHI,IIN,RMIN,GRIN,ARM,NARMl 
DIN•DR*COS<GRIN> 
2121 IFCRMOUT.LT.15.121lGOTO 25 
DOUT•11210.121 
GROUT=0.121 
GOTO 3121 
25 CONTINUE 
DR•RMOUT-R 
CALL GRAD<PHI,IOUT,RMOUT,GROUT,ARM,NARMl 
DOUT•DR*COS<GROUT> 
3121 GR=<GRIN*DOUT+GROUT*DINl/(DIN+DOUT+0.12101211211l 
4121 RETURN 
END 
c 
C**************************************************************** C FIELD - CALCULATES THE FIELD AT THE CURRENT POINT 
c 
c 
c 
SUBROUTINE FIELD<R,PHI,Z,R0,DIN,DOUT,K,HREG,COMP,JFl 
COMMON /FIELDH/H1<4000l,H2<412112112ll 
IF<JF.EO.llGOTO 5 
THETA=2.146755-PHI 
S .. SIN<THETAl 
C=COS<THETAl 
HH=1-EXP<-R*R*<C*C/8+S*S/4)) 
H1<Kl•HH*EXP<-R*R/R0/R0l 
IF<R.LT.1121.121lGOTO 2 
CR•<15.0-Rl*0.396 
GOTO 3 
2 CONTINUE 
CR=l.98 
3 C1=EXP<-18*DIN*DINl 
C2•EXP(-18*DOUT*DOUTl 
H2(Kl•CR*AMAXl<C1,C2l 
5 FZ=1+121.771S*Z-17*Z*Z+22.94*Z*Z*Z 
IF<Z.GT.0.5lFZ=0.121 
COMP•<H2<K>*FZ+0.7l/121,7 
HREG•Hl<K>*COMP 
RETURN 
END 
c 
C**************************************************************** C POSARM - FINDS THE POSITIONS OF THE ARMS AT ANY PHI 
286 SUBROUTINE POSARM<ALPHA,RA,ARM,NARM> 
287 DIMENSION RACNARM>,ARM<27,NARMl 
288 COMMON /DATA/PI 
289 c 
290 DO 15 I=1,NARM 
291 RA<I>=B 
292 PHI=ARMC1,Il-ALPHA 
293 IF<PHI.GE.BlGOTO 5 
294 PHI•2*PI+PHI 
295 S IF<PHI.GT.ARM<2,IllGOTO 15 
296 N=ARM<2,Il/0.261799+1 
297 THETA•PI*PHI/<N*B.261799l+PI/(2*N> 
298 C=COS<THETA> 
299 S=SIN<THETAl 
300 CN=1.0 
301 SN=B.B 
302 DO 10 K=1,N 
303 RA<Il=RA<Il+ARM<<K+2>,Il~CN 
304 CN1=CN*C-SN*S 
305 SN1=CN*S+SN*C 
306 SN=SN1 
307 10 CN=CN1 
308 15 CONTINUE 
309 RETURN 
310 END 
311 c 
312 c 
313 c 
314 C**************************************************************** 315 C SMAX - CALCULATES THE LINE OF SIGHT LENGTH, PROJECTED ON PLANE 
316 C SUN - 15KPC SPHERE 
317 FUNCTION SMAXCALAT,ALONG> 
318 COMMON /DATA/PI 
319 c 
320 B•20*COS<ALAT>*COS<ALONG-PI> 
321 SMAX•<-B+SQRT<B*B+4*<225-100ll)/2.0 
322 SMAX•SMAX*COSCALAT) 
323 RETURN 
324 END 
325 c 
326 c 
327 c 
328 C**************************************************************** 329 C GRAD - CALCULATES GRADIENT OF ARM 
330 SUBROUTINE GRAD<ALPHA,I,RIN,GR,ARM,NARM> 
331 DIMENSION ARMC27,NARM> 
332 COMMON /DATA/PI 
333 c 
334 GR•0 
335 PHI=ARMC1,Il-ALPHA 
336 IF<PHI.GE.0>GOTO 5 
337 PHI•2*PI+PHI 
338 5 N=ARM<2,Il/0.261799+1 
339 THETA•PI*PHI/CN*0.261799>+PI/C2*N> 
340 C•COS<THETA> 
341 S•SINCTHETA> 
342 CN•1.0 
343 SN•0.0 
344 DO 10 K•1,N 
345 GR-GR-ARM<<K+2>,Il$CK-1l*SN*PI/CN*0.261799) 
346 CNl•CN*C-SN*S 
347 SNl•CN*S+SN*C 
348 SN•SN1 
349 10 CN•CNl 
350 GR•ATAN<GR/RIN> 
351 RETURN 
352 END 
353 c 
354 c 
355 c 
356 C**************************************************************** 357 C ELDEN - CALCULATES THE ELECTRON DENSITY 
358 SUBROUTINE ELDEN<R,Z,JF,K,ELN> 
359 COMMON /ELDENW/W(4000) 
360 c 
361 IFCJF.EQ.1lGOTO 5 
362 W<K>•0.591-0.0652*R+0.0106*R*R 
363 5 X=Z/W(K) 
364 IFCX.GT.10.85lGOTO 10 
365 ELN•80*<1-0.3552*X+0.04733*X*X-0.002127*X*X*Xl 
366 GOTO 20 
367 10 ELN•0.0 
368 20 RETURN 
369 END 
370 c 
371 c 
372 c 
373 C**************************************************************** 374 C EMISS - CALCULATES THE EMISSIVITIES AT THAT POINT 
375 SUBROUTINE EMISS<ALONG,ALAT,PHI,GR,K,HREG,F0,COMP,RATIO 
376 &,ELN,JF,EMISR,EMISI> 
377 COMMON /DATA/PI 
378 COMMON /EMISSP/PSIC4000) 
379 c 
380 IFCJF.EO.llGOTO 10 
381 PSICKl•ALONG+PHI-PI/2+GR 
382 10 Y=1-0.477*<1-1/CCOMP*COMP>>*COSCPSI<K>>*COSCPSICKll 
383 XI=ARCOSCCOSCPSICK>>*COS<ALAT>> 
384 EMISR1•CABS<HREG*SIN<XI>>>**1.8 
385 EMISI1=HREG**1.8*Y 
386 EMISR•0.0498*ELN*f0*EMISR1 
387 EMISI=0.0498*ELN*f0*EMISI1 
388 RETURN 
389 END 
390 c 
391 c 
392 c 
393 C**************************************************************** 394 C INTGRT - INTEGRATION ALONG LINE Of SIGHT 
395 SUBROUTINE INTGRT<ALAT,DS,KMAX,EMIS,T> 
396 DIMENSION EMISC4000l . 
397 c 
398 ODD-0 
399 EVEN=0 
400 IMAX•KMAX-3 
401 DO 10 I=2,IMAX,2 
402 EVEN•EVEN+EMIS<I> 
403 10 ODD=ODD+EMISCI+1) 
404 DS1•DS/COS<ALAT> 
405 T=DS1/3*CEMISC1J+4*CEMISCKMAX-1l+EVENl+2*0DD+EMISCKMAXJ) 
406 RETURN 
407 END 
408 c 
409 c 
410 c 
411 C**************************************************************** 412 C CONV - CONVOLVES THE DATA WITH THE BEAM CHARACTERISTIC 
413 SUBROUTINE CONVCT,HPBW,DB,DL,TEMPl 
414 DIMENSION TC200,100l,SC7,7) 
415 COMMON /DATA/PI 
416 c 
417 SIGMA•HPBW/2,0/SQRTCALOGC2.0>>*PI/10800.0 
418 SIGMA2=5IGMA*SIGMA 
419 DO 20 N•1,7 
420 DO 10 M•1,4 
421 10 SCM+3,Nl•TCM1 N) 422 DO 20 M•1,3 
423 20 SCM,N>•SCS-M,Nl 
424 TEMP=0.0 
425 ANORM•0.0 
426 DO 30 II•1,7 
427 DO 30 JJ•1,7 
428 f•EXPC-<<<II-4>*DB>**2+ 
429 & <<JJ-4l*DL>**2l/SIGMA2) 
430 TEMP•TEMP+f*S<II,JJ) 
431 30 ANORM=ANORM+f 
432 TEMP•TEMP/ANORM 
433 RETURN 
434 END 
435 c 
436 c 
437 c 
438 C**************************************************************** 439 C FINALT - SCALES FOR FREO & ADDS ON OTHER CONTRIBUTIONS 
440 SUBROUTINE FINALTCTEMPI,TEMPR,FREQ) 
441 c 
442 FACTF0=<150.0/FRE0l**2.8 
443 FACTTH=<FREQ/408.0>**<2.8-2.1> 
444 FACTEG=<408.0/FRE0>**2.75 
445 THERML•C1.235-1.0l*fACTTH+1.0 
446 EXTGAL=3.0+3.0*FACTEG 
447 TEMPI=TEMPI*FACTFO*THERML 
448 TEMPR=TEMPR*FACTFO*THERML+EXTGAL 
449 RETURN 
450 END 
451 c 
452 c 
453 c 
454 C**************************************************************** 455 C OUTPUT - OUTPUTS RATIO AND ASKS FOR FURTHER ORDERS 
456 SUBROUTINE OUTPUTCRATIO,*,*> 
457 INTEGER YES/'Y' / 1 ANS 
458 c 
459 WRITEC6,1000JRATIO 
460 1000 FORMAT(' RATIO•' ,F10.4l 
461 WRITE<6,1010l 
462 1010 FORMAT(' ANOTHER R0 SQUARED?CY/Nl' > 
463 READC5,1020JANS 
464 1020 FORMATCA1l 
465 IF<ANS.EO.YESJGOTO 10 
466 WRITEC6,1030l 
467 1030 FORMAT<' ANOTHER LONGITUDE?CY/N)' 
468 READ<S,1020JANS 
469 IFCANS.EO.YES>GOTO 20 
470 RETURN 
471 10 RETURN 1 
472 20 RETURN 2 
473 END 
POLE 
Contents 
Source file of pole temperature program. 
Purpose 
To find the pole temperature predicted by the synchrotron 
emissivity model of the galaxy used in SYNP. The thermal 
contribution is not taken into account. 
Logical I/O Units Referenced 
Usage 
5 - default terminal input 
6 - default terminal output 
Compile using *FTNX. To run use £RUN command. The program 
will prompt for the following parameters, in order: 
frequency(in MHz.) (F10.4) 
ratio from NORMP (F10.4) 
The pole- brightness temperature at the specified frequency will 
then be calculated and written to the terminal. The run will then 
cease. 
Description 
The temperature calculated is the predicted synchrotron 
radiation, plus extragalactic contributions due to background 
radio sources and the 3 K black body radiation (see CONVP). These 
are then scaled to the particular frequency of interest, assuming 
power law variations. The model used for the galaxy is the same as 
in SYNP if the correct variations are present in the subroutines 
field and elden. The correct distances (in kpc.) to the inner and 
outer arms from the sun must be assigned to the variables DIN and 
DOUT respectively, in the code of the subroutine TEMP. The ratio 
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used is the same as obtained from the NORMP runs, and used in the 
SYNP runs. 
No convolution of the temperatures around the pole with a 
beam profile is performed, as the temperature variation near the 
pole is so small that the unconvolved and the convolved temperatures 
are virtually the same. 
Example 
Assuming POLE has been compiled using *FTNX, and the object 
file is -LOAD. 
£run -load 
FREQUENCY? (MHZ) 
408. 
RATIO? 
0. 7322 
FREQUENCY = 408.0 
TOTAL TEMPERATURE = 
RATIO = 
17.32 
0.7322 
This produce the pole temperature for the frequency 408MHz .. 
This takes typically 6 cpu sec .. 
Program Structure 
pole 
input 
temp 
finalt 
output 
field 
elden 
emiss 
intgrt 
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-1 C~*************************************************************** 
2 ~ * 3 C* POLE - FINDS POLE TEMPERATURE * 
4 c• * 
s c***~************************************************************ 
6 c 
7 CALL INPUT<FREQ,RATIO> 
8 CALL TEMPCRATIO,TR,TI> 
9 T=TR+TI 
10 CALL FINALT<T,FREQ> 
11 CALL OUTPUTCT,FREQ,RATIO> 
12 STOP 
13 END 
14 c 
15 c 
16 c 
17 c*****************************************~*********************~ 18 C INPUT - GETS PARAMETERS FROM TERMINAL 
19 SUBROUTINE INPUTCFREO,RATIO> 
20 c 
21 WRITEC6,1000) 
22 1000 FORMAT(' FREQUENCY?<MHZ>') 
23 READC5,1010>FREQ 
24 1010 FORMAT<F10.4) 
25 WRITEC6,1020) 
26 1020 FORMAT<' RATIO?'> 
27 READ<5,1010>RATIO 
28 RETURN 
29 END 
30 c 
31 c 
32 c 
33 C**************************************************************** 34 C TEMP - CALCULATES POLE TEMPERATURE CONTRIBUTIONS 
35 SUBROUTINE TEMP<RATIO,TR,TI> 
36 DIMENSION EMISIC4000>,EMISRC4000) 
37 c 
38 DS=0.015 
39 DOUT=0.5 
40 DIN=1.0 
41 SMAXaSQRTC15.0**2-10.0**2> 
42 KMAX=SMAX/DS 
43 KMAX=KMAX-MOD<KMAX,2>-1 
44 DO 10 K=1,KMAX 
45 Z•<K-1>*DS 
46 CALL FIELD<Z,DIN,DOUT,HREG> 
47 CALL ELDEN<Z,ELN> 
48 10 CALL EMISSCHREG,RATIO,ELN,EMISI<K>,EMISRCK>> 
49 CALL INTGRT<DS,KMAX,EMISR,TR> 
50 CALL INTGRT<DS,KMAX,EMISI,TI> 
51 RETURN 
52 END 
53 c 
54 c 
55 c 
56 C**************************************************************** 57 C FIELD - CALCULATES FIELD AT THE CURRENT POINT 
58 C THIS IS SUBROUTINE IS NOT IDENTICAL TO THE ONE IN SYNP. 
59 SUBROUTINE FIELD<Z,DIN,DOUT,HREG> 
60 c 
61 H1=3.0 
62 COMPl•EXP<-lB.0*DIN*DIN> 
63 COMP2=EXP<-18.0*DOUT*DOUT> 
64 CR•1.98 
65 H2=CR*AMAX1CCOMP1,COMP2> 
66 FZ=1.0+0.7715*Z-17.0*Z*Z+22.94*Z*Z*Z 
67 IFCZ.GT.0.5>FZ=0.0 
68 COMP•<H2*FZ+0.7)/0.7 
69 HREG=H1*COMP 
70 RETURN 
71 END 
72 c 
73 c 
74 c 
75 C**************************************************************** 76 C ELDEN - CALCULATES THE ELECTRON DENSITY. 
77 C WARNING! SUBROUTINE NOT SAME AS IN SYNP. 
78 SUBROUTINE ELDEN<Z,ELN> 
79 c 
80 ELN=80.0*<1.0-0.3552*Z+0.04733*Z*Z-0.002127*Z*Z*Z> 
81 IFCZ.GT.l0.8S>ELN=0.0 
82 RETURN 
83 END 
84 c 
85 c 
86 c 
87 C**************************************************************** 88 C EMISS - CALCULATES THE EMISSIVITIES AT THE CURRENT POINT. 
89 C WARNING' THIS IS NOT THE SAME AS IN SYNP. 
90 SUBROUTINE EMISSCHREG,RATIO,ELN,EMISI,EMISR> 
91 c 
92 EMISR=0.0498*ELN*HREG**1.8 
93 EMISI=0.0498*ELN*HREG**1.8/RATIO 
94 RETURN 
95 END 
96 
97 
98 
99 
H'l0 
101 
102 
103 
Hl4 
105 
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109 
1 H'l 
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126 
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128 
129 
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133 
134 
135 
136 
137 
138 
139 
140 
c 
c 
c 
C**************************************************************** C INTGRT - INTEGRATION ALONG LINE Or SIGHT 
C WARNING! NOT THE SAME AS IN SYNP. 
c 
c 
c 
c 
SUBROUTINE INTGRT<DS,KMAX,EMIS,T> 
DIMENSION EMIS<4000> 
ODD=0 
EVEN=0 
IMAX=KMAX-3 
DO 10 I•2,IMAX,2 
EVEN=EVEN+EMIS<I> 
lG ODDcODD+EMIS<I+1) 
T=DS/3*CEMIS<1>+4*<EMIS<KMAX-1>+EVEN>+2*0DD+EMIS<KMAX>> 
RETURN 
END 
C**************************************************************** C riNALT - SCALES rOR rREQ & ADDS ON THE OTHER CONTRIBUTIONS 
C WARNING' NOT IDENTICAL TO SUBROUTINE IN CONVP. 
c 
c 
c 
c 
SUBROUTINE riNALTCTEMP,rREO> 
rACTF0=<150.0/rRE0>**2.8 
rACTEG=<408.0/FRE0>**2.75 
EXTGAL=3.0+3.0*FACTEG 
TEMP=TEMP*FACTFO+EXTGAL 
RETURN 
END 
C**************************************************************** C OUTPUT - WRITES RESULTS TO TERMINAL 
c 
SUBROUTINE OUTPUT<TEMPT,FREO,RATIO> 
WRITE<6,1000>FREO,RATIO 
1000 FORMAT(' FREQUENCY m' ,F10.1,5X,'RATIO •' ,F10.4> 
WRITE<6,1010> TEMPT 
1010 FORMAT(' TOTAL TEMPERATURE •' ,r10.2) 
RETURN 
END 
PRFL 
Contents 
Source general purpose 
file in PRFL-C, which has £CONTINUE WITH *IG+*GHOST at the end. 
Purpose 
To obtain profiles and isometric projections of the modelled 
and observed radio brightness temperatures. 
Logical I/O Units Referenced 
5 - default terminal input 
6 - default terminal output 
9 - output plot file 
10 - input map file (must be sequential) 
11 - input tape of observations 
Usage 
Compile using *FTNX. To run use £RUN command and concatenate 
the object file with *IG+*GHOST. A compiled version is contained 
in PRFL-C, which has been implicitly concatenated with *IG+*GHOST. 
When the program is running it will prompt for the options required. 
The sequence of branching choices is shown in fig. 1. All plots 
obtained are displayed on the terminal before moving on to the 
next. 
The input to unit 10 is the usual map file, the format for 
which is described under the CONVP program. The input to 11 is 
the tape QPHKlB, mounted on for example *T*. 
The plot descriptions, if wanted, are sent to unit 9· 
Description 
The required plot is selected by a series of branching choices. 
The replies to these prompts are all checked for validity. If an 
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answer is given, which is not expected, the question will be asked 
again. Unambiguous abreviations are accepted. All numerical 
input is in the form nnn. , with no spaces before the first digit, 
for example, 176., or -10 .. The size of the mode~ data map that 
can be accommodated by the program is dependant upon the dimensions 
of the array DATA(M,N), and the associated arrays X andY. M is 
the longitude index and N is the latitude index. 
Example 
£run prfl-c 9=-plot lO=map ll=*t* 
OBSERVATIONS OR MODEL DATA? 
m 
DATA IS FROM 0. TO 
-10. TO 
PROFILE OR ISOPLOT? 
p 
180.DEGREES LONGITUDE 
lO.DEGREES LATITUDE 
LATITUDE OR LONGITUDE CUT? 
lo 
LATITUDE? 
o. 
LOWER LONGITUDE? 
UPPER LONGITUDE? 
o. 
180. 
PLUS OBSERVATIONS?(Y/N) 
y 
the plot is then drawn 
SRND TO PLOTFILE?(Y/N) 
J 
ANOTHER PLOT?(Y/N) 
n 
TI1i~ will produce a plot of the plane profile from the map contained 
in the file MAP, and the comparison with the observations, and will 
write it to -PLOT on unit 9· 
PRFL: page 3 
Program Structure 
prfl 
setup 
bgnpic 
quest 
modplt 
infile 
quest 
modpfl 
quest 
inpu.tl 
modltc 
a.notlt 
obsltc 
inpu.t2 
modlgc 
anotlg 
obslgc 
end pic 
modi so 
inpu.t3 
(isoplt) 
anti so 
end pic 
quest 
bgnpic 
obsplt 
quest 
obspfl 
quest 
inpu.tl 
obsltc 
anotlt 
inpu.t2 
obslgc 
anotlg 
end pic 
obsiso 
input3 
aload. 
(isoplt) 
~..,+..;; --
·-- --wv 
endpic 
quest 
bgnpic 
tidyup 
PRFL: page 4 
Program Structure (continued) 
setup 
igini t 
igpdsw 
igctrl 
(paper ) 
(pspace) 
(cspace) 
(ctrmag) 
anotlt 
(scales) 
(border) 
(place ) 
(typecs) 
(typenf) 
(ctrori) 
anotlg 
(scales) 
(border) 
(place ) 
(typecs) 
(typenf) 
(ctrori) 
anti so 
posmap 
(place ) 
(typecs) 
(typenf) 
(space ) 
/btd I 
/cntrl / 
bgnpic 
obsltc 
obslgc 
aload 
(frame ) 
igbgns 
igtran 
mapnum 
lng 
posmap 
screen 
(map ) 
(broken) 
(ptplot) 
(full ) 
mapnum 
posmap 
lng 
screen 
(map ) 
(broken) 
(ptplot) 
(full ) 
mapnum 
posmap 
lng 
screen 
modltc 
modlgc 
end pic 
tidyup 
(map ) 
(:uscurv) 
(map ) 
(nscurv) 
igends 
igctrl 
igdron 
(grend ) 
brackets indicate *GHOST routines, slashes indicate SYSTEM routines, 
and *IG routines are underlined. 
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1 C**************************************************************** 
2 Cll! $ 
3 C* PRFL - ALL PURPOSE PROFILING PROGRAM * 
4 ~ * 
5 C**************************************************************** 6 INTEGER QUEST,ANS,YES/'Y'/ 1 MODEL/'M'/ 1 FLAG 
7 c 
8 FLAGm0 
9 CALL SETUP 
10 10 CALL BGNPICCFLAG> 
11 IFCQUEST<l,ANS>.NE.MODEL>GOTO 20 
12 CALL MODPLT 
13 GOTO 30 
14 20 CONTINUE 
15 CALL OBSPLT 
16 30 IF(QUEST(7,ANSl.EQ.YESlGOTO lB 
17 CALL TIDYUP 
18 STOP 
19 END 
20 c 
21 c 
22 c 
23 C**************************************************************** 24 C SETUP - PREPARES FOR PLOTTING 
25 SUBROUTINE SETUP 
26 c 
27 C*********** IG ROUTINES *************** 
28 CALL IGINIT 
29 CALL IGPDSWC0,0> 
30 CALL IGCTRLC' TERMINAL' ,'SCREEN' ,'SQUARE' 
31 CALL IGCTRLC'CALCOMP' ,'SIZE' ,10.0> 
32 CALL IGCTRLC'CALCOMP' ,'XMAR' ,0.0> 
33 CALL IGCTRLC'CALCOMP' ,'YMAR' ,0.0) 
34 C*************************************** 35 CALL PAPER<!> 
36 CALL PSPACE<0.1,0.8,0.1,0.8) 
37 CALL CSPACEC0.0,1.0,0.0,1.0) 
38 CALL CTRMAGC12) 
39 RETURN 
40 END 
41 c 
42 c 
43 c 
44 C**************************************************************** 45 C BGNPIC - BEGINS NEW PICTURE 
46 SUBROUTINE BGNPICCFLAG) 
47 INTEGER FLAG 
48 c 
49 IF<FLAG.NE.0>GOTO 10 
50 FLAGa1 
51 GOTO 20 
52 10 CONTINUE 
53 CALL FRAME 
54 C*********** IG ROUTINES *************** 55 20 CALL IGBGNS<' PLOT' ) 
56 CALL IGTRANC'PLOT' ,'WIND' ,0.0,10.0,0.0,10.0> 
57 C*************************************** 58 RETURN 
59 END 
60 c 
61 c 
62 c 
63 C**************************************************************** 64 C QUEST - PROMPTS FOR AND GETS ANSWERS 
65 INTEGER FUNCTION QUEST<I,ANS> 
66 INTEGER ANS,YES/'Y'/ 1 NO/'N' / 1 PRFL/'P'/ 1 ISO/' I'/ 1 0BS/'0'/ 1 67 & MODEL/'M'/ 1 LTCUT/'LA'/ 1 LGCUT/'LO'/ 68 c 
69 IF<I.NE.1>GOTO 20 
70 10 WRITE<6,1000> 
71 1000 FORMAT<' OBSERVATIONS OR MODEL DATA?' > 
72 READ<S,1010>ANS 
73 1010 FORMATCA1> 
74 IF<ANS.NE.OBS.AND.ANS.NE.MODEL>GOTO 10 
75 GOTO 150 
76 20 IF<I.NE.2>GOTO 40 
77 30 WRITE<6,1020) 
78 1020 FORMAT<' PROFILE OR ISOPLOT?' > 
79 READC5,1010>ANS 
80 IF<ANS.NE.PRFL.AND.ANS.NE.ISO>GOTO 30 
81 GOTO 150 
82 40 IF<I.NE.3>GOTO 60 
83 50 WRITEC6,1030) 
84 1030 FORMAT<' LATITUDE OR LONGITUDE CUT?' > 
85 READ<5,1040>ANS 
86 1040 FORMAT<2A2> 
87 IF<ANS.NE.LTCUT.AND.ANS.NE.LGCUT>GOTO 50 
88 GOTO 150 
89 60 IF<I.NE.4>GOTO 80 
90 70 WRITE<6,1050> 
91 1050 FORMAT<' PLUS OBSERVATIONS?< Y /N )' > 
92 READ<5,1010>ANS 
93 IFCANS.NE.YES.AND.ANS.NE.NO>GOTO 70 
94 GOTO 150 
95 80 IFCI.NE.5>GOTO 100 
96 
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185 
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189 
190 
c 
c 
90 WRITE<6,1B60> 
1060 FORMAT<' SEND TO PLOTFILE?< Y /N )' > 
READ<5,1010>ANS 
IF<ANS.NE.YES.AND.ANS.NE.NO>GOTO 9B 
GOTO 150 
100 IF<I.NE.6>GOTO 120 
110 WRITE<6,1070> 
1070 FORMATC'VIEW FROM ANOTHER ANGLE?CY/N)' 
READ<5,1010>ANS 
IF<ANS.NE.YES.AND.ANS.NE.NO>GOTO 110 
GOTO 150 
120 IF<I.NE.7>GOTO 140 
130 WRITEC6,1080) 
1080 FORMAT<' ANOTHER PLOT?CY/N)') 
READ< 5, HH0 >ANS 
IF<ANS.NE.YES.AND.ANS.NE.NO>GOTO 130 
GOTO 150 
140 CONTINUE 
WRITE< 6, 1090 >I 
1090 FORMAT<' ',I4,' - UNUALID PROMPT NUMBER') 
RETURN 
150 QUEST=ANS 
RETURN 
END 
c 
C**************************************************************** C MODPLT - MAKES PLOTS OF MODEL DATA FROM UNIT 10 
c 
c 
c 
SUBROUTINE MODPLT 
INTEGER QUEST,ANS,PRFL/'P'/ 
CALL INFILE<HILNG,ILAT,RESL,RESB,FREO,HPBW,YMAX> 
IFCQUESTC2,ANS>.NE.PRFL>GOTO 10 
CALL MODPFLCHILNG,ILAT,RESL,RESB,FREO,HPBW,YMAX> 
CALL ENDPIC 
GOTO 20 
10 CONTINUE 
CALL MODISO<HILNG,ILAT,RESL,RESB,FREO,HPBW,YMAX> 
20 RETURN 
END 
c 
C**************************************************************** C OBSPLT - MAKES PLOTS OF OBSERVATIONS ON TAPE ON UNIT 11 
c 
c 
c 
SUBROUTINE OBSPLT 
INTEGER QUEST,ANS,PRFL/'P'/ 
IFCQUEST<2,ANS>.NE.PRFL>GOTO 10 
CALL OBSPFL 
CALL ENDPIC 
GOTO 20 
10 CONTINUE 
CALL OBSISO 
20 RETURN 
END 
c 
C**************************************************************** C ENDPIC - ENDS CURRENT PICTURE. SENDS TO PLOTFILE IF WANTED. 
c 
SUBROUTINE ENDPIC 
INTEGER ANS,YES/'Y' / 
C*********** IG ROUTINES *************** CALL IGENDS<' PLOT' ) 
CALL IGCTRU' TERMINAL' , ' ERASE' ) 
CALL IGDRON<' TERMINAL' ) 
WRITE< 6, 1000) 
1000 FORMAT<' SEND TO PLOTFILE?CY/N)' 
READ<S,1010>ANS 
1010 FORMAT<A1) 
CALL IGCTRL<' TERMINAL' , 'ERASE' ) 
IF<ANS.NE.YES>GOTO 20 
CALL IGDRON(' CALCOMP' ) 
C*************************************** 20 RETURN 
END 
c 
c 
c 
C**************************************************************** C TIDYUP - ENDS THE PLOTTING PROCEEDURES 
c 
c 
c 
SUBROUTINE TIDYUP 
CALL GREND 
RETURN 
END 
c 
C**************************************************************** C INFILE - GETS MAP FROM UNIT 10 
SUBROUTINE INFILECHILNG,ILAT,RESL,RESB,FREO,HPBW,YMAX> 
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285 
c 
c 
c 
c 
REAL LOLNG 
COMMON /MODMAP/DATAC600,150) 
REWIND 10 
READC10>LOLNG,HILNG,ALAT1,ALAT2,RESL,RESB,FREQ,HPBW,NL,NU, 
&ML,MU 
ILAT=-ALAT1-SIGN<0.1,ALAT1> 
YMAX=600.0*C408.0/rRE0>**2 
MHI=MU-ML+1 
NHI=NU-NL+1 
READC10) C<DATACM,Nl,M=1,MHI>,Nc1,NHI> 
WRITE<6,1000lLOLNG,HILNG 
1000 FORMATC'DATA IS FROM' ,F5.0,' TO' ,F5.0,'DEGREES LONGITUDE') 
WRITE<6,1010lALAT1 1 ALAT2 1010 FORMATe' ',F4.0,' TO ',F5.0,' DEGREES LATITUDE' l 
RETURN 
END 
C***************************************************************~ C MODPFL - PLOTS PROFILES Or MODEL DATA 
c 
c 
c 
c 
SUBROUTINE MODPFLCHILNG,ILAT,RESL,RESB,FREQ,HPBW,YMAX> 
INTEGER QUEST,ANS,LGCUT/'LO'/,NO/'N'/ 
REAL LONG,LATl,LAT2,LAT,LONG1,LONG2 
COMMON /MODMAP/DATAC600,150) 
Ir<OUEST<3,ANS>.EQ.LGCUT>GOTO 10 
CALL INPUT1CLONG,LAT1,LAT2> 
CALL MODLTCCLONG,LAT1,LAT2,HILNG,ILAT,RESL,RESB,YMAX> 
CALL ANOTLT<LONG,FREQ,HPBW> 
IF<QUEST<4,ANS>.EO.NO>GOTO 20 
CALL OBSLTCCLATl,LAT2,LONG,YMAX> 
GOTO 20 
10 CONTINUE 
CALL INPUT2<LAT,LONGl,LONG2> 
CALL MODLGC<LAT,LONGl,LONG2,HILNG,ILAT,RESL,RESB,YMAX> 
CALL ANOTLGCLAT,FREO,HPBW> 
IFCQUESTC4,ANS>.EO.NO>GOTO 20 
CALL OBSLGCCLONGl,LONG2,LAT,YMAX> 
20 RETURN 
END 
C**************************************************************** C MODISO - PLOTS ISOMETRIC PROJECTION Or MODEL DATA 
c 
c 
c 
c 
SUBROUTINE MODISOCHILNG,ILAT,RESL,RESB,FREQ,HPBW,YMAXl 
INTEGER QUEST,ANS,YES/'Y'/ 
REAL LOLGMP,LOLTMP 
COMMON /MODMAP/DATAC600,150) 
DIMENSION ARRAYC91 1 91> 
CALL INPUT3CLOLGMP,HILGMP,LOLTMP,HILTMP) 
MU•CHILNG-LOLGMP)/RESL+1+0.1 
ML=CHILNG-HILGMP)/RESL+l+0.1 
IFCMU.LT.0> MU•MU+360/RESL+0.1 
IFCML.LT.0> ML•ML+360/RESL+0.1 
NU•CILAT+HILTMPl/RESB+l+0.1 
NL•<ILAT+LOLTMPl/RESB+l+0.1 
DO 10 N•NL,NU 
DO 10 M•ML,MU 
10 ARRAYCM-ML+l,N-NL+1>•DATACM,N> 
JXF•MU-ML+1 
JYF•NU-NL+1 
20 WRITE< 6, 1000) 
1000 rORMATC'ROTATION?<ANTICLOCKWISEl' /'N TIMES 90 DEGREES') 
READ<5,1010> ROT 
1010 FORMAT<F4.0> 
IROT•ROT 
CALL ISOPLT<ARRAY,l,JXF,91,1,JYF,91,0.0,YMAX,0,1,IROT> 
CALL ANTISO<LOLGMP,HILGMP,LOLTMP,HILTMP,FREQ,HPBW> 
CALL ENDPIC 
Ir<OUEST<6,ANS>.NE.YES>GOTO 30 
CALL BGNPICCl> 
GOTO 20 
30 CONTINUE 
RETURN 
END 
C**************************************************************** C INPUT! - GETS PARAMETERS FOR LAT CUT 
c 
SUBROUTINE INPUT1CLONG,LAT1,LAT2> 
REAL LONG,LATl,LAT2 
WRITE< 6, 1000) 
1000 FORMATC'LONGITUDE?' 
READ<5,1010> LONG 
1010 FORMATCF5.0) 
WRITE< 6, 1020) 
1020 FORMAT<' LOWER LATITUDE?'/'UPPER LATITUDE?') 
READC5,1010lLAT1,LAT2 
RETURN 
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c 
c 
c 
C**************************************************************** C OBSPFL - PLOTS PROFILES OF OBSERVED DATA 
c 
c 
c 
c 
SUBROUTINE OBSPFL 
INTEGER OUEST,ANS,LGCUT/'LO'/ 
REAL LONG,LAT1,LAT2,LAT,LONG1,LONG2 
IF<OUEST<3,ANS>.EO.LGCUT>GOTO 1111 
CALL INPUT1CLONG,LAT1,LAT2> 
CALL OBSLTC<LAT1,LAT2,LONG,600.B> 
CALL ANOTLT<LONG,408.0,51.0> 
GOTO 20 
10 CONTINUE 
CALL INPUT2<LAT,LONG1,LONG2> 
CALL OBSLGCCLONG1,LONG2,LAT,600.0> 
CALL ANOTLG<LAT,408.0,51.0> 
20 RETURN 
END 
C**************************************************************** C OBSISO - PLOTS ISOMETRIC PROJECTION OF OBSERVED DATA 
c 
c 
c 
c 
SUBROUTINE OBSISO 
INTEGER OUEST,ANS,YES/'Y'/ 
REAL LOLGMP,LOLTMP 
DIMENSION ARRAYC91,91> 
YMAXa600.0 
CALL INPUT3<LOLGMP,HILGMP,LOLTMP,HILTMP> 
CALL ALOAD<LOLGMP,HILGMP,LOLTMP,HILTMP,ARRAY,JXF,JYF> 
10 WRITE< 6, 1000 > 
1000 FORMATC'ROTATION?<ANTICLOCKWISE)'/'N TIMES 90 DEGREES'> 
READ<5,1010)ROT 
1010 FORMATCF4.0> 
IROT•ROT 
CALL ISOPLT<ARRAY,1,JXF,91,1,JYF,91,0.0,YMAX,0,1,IROT> 
CALL ANTISO<LOLGMP,HILGMP,LOLTMP,HILTMP,40B.0,51.0) 
CALL ENDPIC 
IFCOUEST<6,ANS>.NE.YES>GOTO 20 
CALL BGNPIC<1> 
GOTO 10 
20 CONTINUE 
RETURN 
END 
C**************************************************************** C MODLTC - PLOTS MODEL LATITUDE CUT 
c 
c 
c 
c 
SUBROUTINE MODLTC<LONG,LAT1,LAT2,HILNG,ILAT, 
& RESL,RESB,YMAX> 
COMMON /MODMAP/DATA<600,150> 
COMMON /CUTS/XC600>,Y<600) 
REAL LONG,LAT1,LAT2 
M•<HILNG-LONG)/RESL+1+0.1 
IFCM.LT.0> MmM+360/RESL+0.1 
NUm(ILAT+LAT2)/RESB+1+0.1 
NLa(ILAT+LAT1)/RES8+1+0.1 
DO 1111 N•NL,NU 
XCN)aLAT1+<N-NL>*RESB 
10 YCN)mDATA<M,N> 
CALL MAP<LAT1,LAT2,0.0,YMAX> 
CALL NSCURV<X,Y,NL,NU> 
RETURN 
END 
C**************************************************************** C ANOTLT - ANOTATES LATITUDE PROFILE PLOTS 
c 
SUBROUTINE ANOTLT<LONG,FREO,HPBW> 
REAL LONG 
CALL SCALES 
CALL BORDER 
CALL PLACEC11 1 10) CALL TYPECSC'FREQ=' ,5> 
CALL TYPENF<FRE0,1> 
CALL TYPECS<' MHZ HPBW•' 1 10) CALL TYPENFCHPBW,1> 
CALL TYPECSC' MINS LONGITUDE=' ,16> 
CALL TYPENFCLONG,1> 
CALL TYPECSC' DEGREES' ,B> 
CALL PLACE<2,38> 
CALL CTRORIC1.0> 
CALL TYPECSC'BRIGHTNESS TEMPERATURE <K>' ,26> 
CALL CTROR I< 0. 0 ) 
CALL PLACEC37 1 57> CALL TYPECSC'LATITUDE <DEGREES>' ,18> 
RETURN 
381 END 
382 c 
383 c 
384 c 
385 C**************************************************************** 386 C OBSLTC - PLOTS OBSERVED LATITUDE CUT 
387 SUBROUTINE OBSLTCCLAT1,LAT2,LONG,YMAX> 
388 DIMENSION MAPOBSC91,61>,XC541>,YC541> 
389 REAL LONG,LAT1,LAT2,MAPOBS 
390 c 
391 CALL MAPNUMCLONG,LAT1,MN1,-1> 
392 CALL MAPNUMCLONG,LAT2,MN2,1> 
393 ILNG~46-LNGCLONG,MN1) 
394 NUa(90+LAT2>*3+1+0.01 
395 NL=C90+LAT1>*3+1+0.01 
· 396 DO 10 MN=MN1, MN2, 12 
397 CALL POSMAPCMN) 
398 READC11,1017>MAPOBS 
399 1017 FORMATC/C20F6.1>> 
400 JL-1 
401 JU•61 
402 IFCMN.EQ.MN1>JLaNL-CMN-1>/12*60 
403 IFCMN.EQ.MN2>JU=NU-CMN-1)/12*60 
404 IFCJL.LT.1>JL•1 
405 IFCJU.GT.61>JU•6l 
406 DO 5 J•JL,JU 
407 NaCMN-1)/12$60+J 
408 YCN)•MAPOBS<ILNG,J> 
409 X<N>•LAT1+<N-NL)/3.0 
410 5 Y<N>•SCREENCYCN>> 
411 10 CONTINUE 
412 CALL MAP<LAT1,LAT2,0.B,YMAX> 
413 CALL BROKENC5,5,5,5> 
414 CALL PTPLOTCX,Y,NL,NU,-2> 
415 CALL FULL 
416 RETURN 
417 END 
418 c 
419 c 
420 c 
421 C**************************************************************** 422 C INPUT2 - GETS PARAMETERS FOR LONGITUDE CUT 
423 SUBROUTINE INPUT2CLAT,LONG1,LONG2> 
424 REAL LAT,LONG1,LONG2 
425 c 
426 WRITEC6,1000) 
427 1000 FORMAT<' LATITUDE?' ) 
428 READC5,1010) LAT 
429 1010 FORMATCF5.0) 
430 WRITEC6,1020> 
431 1020 FORMAT<' LOWER LONGITUDE?'/'UPPER LONGITUDE?'> 
432 READC5,1010>LONG1,LONG2 
433 RETURN 
434 END 
435 c 
436 c 
437 c 
438 C**************************************************************** 439 C MODLGC - PLOTS MODEL LONGITUDE CUT 
440 SUBROUTINE MODLGCCLAT,LONG1,LONG2,HILNG,ILAT, 
441 & RESL,RESB,YMAX> 
442 COMMON /MODMAP/DATAC600,150) 
443 COMMON /CUTS/XC600) 1 YC600) 
444 REAL LAT,LONG1,LONG2 
445 c 
446 N•CILAT+LAT)/RESB+1+0.1 
447 MU•CHILNG-LONG1)/RESL+1+0.1 
448 ML•CHILNG-LONG2)/RESL+1+0.1 
449 IFCMU.LT.0) MU•MU+360/RESL-0.1 
450 IFCML.LT.0> MLmML+360/RESL-0.1 
451 DO 10 M•ML,MU 
452 XCM>~LONG2-CM-ML>*RESL 
453 10 YCM>•DATA<M,N> 
454 IFCLONG1.GT.LONG2>GOTO 20 
455 TLONG1•LONG1 
456 GOTO 30 
457 20 TLONG1•LONG1-360.0 
458 30 CONTINUE 
459 CALL MAPCLONG2 1 TLONG1,0.0,YMAX> 
460 CALL NSCURVCX,Y,ML,MU> 
461 RETURN 
462 END 
463 c 
464 c 
465 c 
466 C**************************************************************** 467 C ANOTLG - ANOTATES LONGITUDE PROFILE PLOTS 
468 SUBROUTINE ANOTLGCLAT,FREQ,HPBW> 
469 REAL LAT 
470 c 
471 CALL SCALES 
472 CALL BORDER 
473 CALL PLACEC11,10> 
474 CALL TYPECSC'FREQa' 1 5) 475 CALL TYPENFCFREQ,1) 
476 CALL TYPECS<' MHZ HPBW-' ,10) 
477 CALL TYPENr<HPBW,1l 
478 CALL TYPECS<' MINS LATITUDEa' 1 15) 
479 CALL TYPENr<LAT,1> 
480 CALL TYPECS<' DEGREES' ,8> 
481 CALL PLACE<2,38> 
482 CALL CTRORI<1.0l 
483 CALL TYPECS<'BRIGHTNESS TEMPERATURE <Kl' ,26) 
484 CALL CTRORI<0.0) 
485 CALL PLACE<37,57> 
486 CALL TYPECS<'LONGITUDE <DEGREES>' ,19> 
487 RETURN 
488 END 
489 c 
490 c 
491 c 
492 C***************************************************************e 493 C OBSLGC - PLOTS OBSERVED LONGITUDE CUT 
494 SUBROUTINE OBSLGC<LONG1,LONG2,LAT,YMAXl 
495 DIMENSION MAPOBS<91,61>,X<1081l,Y<1081l 
496 REAL LONG1,LONG2,LAT,MAPOBS 
497 c 
498 CALL MAPNUM<LONGl,LAT,MN1,-1> 
499 CALL MAPNUM<LONG2,LAT,MN2,-1> 
500 M12=<MN2/12+1>*12 
501 IF<MN1.LE.MN2>GOTO 10 
502 MN2=MN2+12 
503 10 N=<90+LATl*3+1+0.1 
504 JLAT=N-<MN1-1l/12*60 
505 MU&LONG2*3+1+0.01 
506 ML=LONG1*3+1+0.01 
507 MSUB=MU-ML 
508 Ir<MSUB.LT.0lMSUBmMSUB+360*3 
509 MUmMSUB+1 
510 MM=0 
511 DO 30 MNXmMN1,MN2 
512 MN•MNX 
513 Ir<MNX.GT.M12lMN•MNX-12 
514 CALL POSMAP<MN> 
515 READ<11,1017lMAPOBS 
516 1017 FORMAT(/(20F6.1ll 
517 IL=1 
518 IU•91 
519 IF<MNX.EO.MN1>IU•46-LNG<LONG1,MN1> 
520 IF<MNX.EO.MN2>IL•46-LNG<LONG2,MN2l 
521 DO 20 I•IL,IU 
522 M=MU-MM+I-IU 
523 Y<M>=MAPOBS<I,JLAT> 
524 X<M>-LONG2-<M-1l/3.0 
525 20 Y<MlmSCREEN<Y<M>> 
526 30 MM-IU-IL+MM 
527 IF<LONG1.GT.LONG2>GOTO 50 
528 CALL MAP<LONG2,LONG1,0.0,YMAX> 
529 CALL BROKEN<S,5,5,5l 
530 CALL PTPLOT<X,Y,1,MU,-2> 
531 CALL FULL 
532 GOTO 70 
533 50 TLONG-LONG1-360.0 
534 CALL MAP<LONG2,TLONG,0.0,YMAX) 
535 CALL BROKEN<S,S,S,S> 
536 CALL PTPLOT<X,Y,1,MU,-2> 
537 CALL FULL 
538 70 RETURN 
539 END 
540 c 
541 c 
542 c 
S43 C**************************************************************** 544 C INPUT3 - GETS PARAMETERS FOR ISOPLOT 
545 SUBROUTINE INPUT3<LOLGMP,HILGMP,LOLTMP,HILTMPl 
546 REAL LOLGMP,LOLTMP 
S47 c 
S48 70 WRITE<6,1021> 
549 1021 FORMAT<' AN ISOPLOT NO GREATER THAN 91X91 POINTS IS ALLOWED'> 
SS0 WRITE<6,1010> 
551 1010 FORMAT<' LOWER LONGITUDE?' /'UPPER LONGITUDE?'> 
552 READ<5,1006l LOLGMP,HILGMP 
553 1006 FORMAT<F5.0l 
554 WRITE<6,1007> 
555 1007 FORMAT<' LOWER LATITUDE?'/'UPPER LATITUDE?'> 
556 READ<5,1006l LOLTMP,HILTMP 
557 RETURN 
558 END 
559 c 
560 c 
561 c 
562 C**************************************************************** 563 C ANTISO - ANOTATES ISOMETRIC PLOTS 
564 SUBROUTINE ANTISO<LOLGMP,HILGMP,LOLTMP,HILTMP,FREO,HPBW> 
565 REAL LOLGMP,LOLTMP 
566 c 
567 CALL PLACE<11,10> 
568 CALL TYPECS<'FREO=' ,5l 
569 CALL TYPENF<FREQ,1) 
570 CALL TYPECS(' MHZ HPBWc' 1 10) 
c 
c 
c 
CALL TYPENF<HPBW,1> 
CALL TYPECS<' MINS ',6> 
CALL TYPENF<LOLGMP,1> 
CALL iYPECS(' L ',3> 
CALL TYPENF<HILGMP 1 1> 
CALL SPACE<!> 
CALL TYPENF<LOLTMP,1> 
CALL TYPECSC' B ',3> 
CALL TYPENF<HILTMP,1> 
RETURN 
END 
C*~***~****~~**************************************************** C MAPNUM - CALCULATES MAP riLE NUMBER CONTAINING POINT 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
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583 
584 
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599 
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622 c 
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661 
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665 
c 
c 
c 
SUBROUTINE MAPNUM<LONG,LAT,MN,ITOP) 
REAL LONG,LAT 
M1•<LONG+15.0ll/30 
Ml•MOD< Ml, 12 H 1 
M2•<LAT+90.0-ITOP*0.01)/20.0 
MN•M2*12+Ml 
RETURN 
END 
c 
C**************************************************************** C LNG - FINDS POSITION OF LONGITUDE IN MAP FRAME 
c 
c 
c 
c 
FUNCTION LNG<LONG,MN> 
REAL LONG 
ALNG•LONG 
IF<ALNG.GE.345.0>ALNG•LONG-360.0 
A•<ALNG-MODCCMN-1>,12>*30.0>*3.0 
AA .. ABS< A H0 .01 
A•SIGN<AA,A) 
LNG•A 
RETURN 
END 
C**************************************************************** C POSMAP - POSITIONS TAPE TO READ FILE MN 
10 
c 
c 
SUBROUTINE POSMAPCMN> 
LOGICAL*! MAPNC3l,POSC12>,STAR 
INTEGER*2 LEN 
DATA POS/'POSN•* 
DATA STAR/'*'/ 
MNT~MN 
'/ 
CALL BTDCMNT,MAPNC1>,3,ND,' ') 
DO 10 I•l,ND 
POSC6+I>•MAPN<3-ND+I> 
POSC6+ND+1)•STAR 
LEN•7+ND 
CALL CNTRLCPOS,LEN,11> 
RETURN 
END 
c 
C**************************************************************** C ALOAD - LOADS AREA OF OBSERVATIONS SPECIFIED INTO ARRAY 
c 
SUBROUTINE ALOAD<LONGl,LONG2,LATl,LAT2,ARRAY,JXF,JYFl 
DIMENSION ARRAY<91,91l,MAPOBSC91,61> 
COMMON /PARS/YMAX,FREQ,HPBW 
REAL LONG1,LONG2,LAT1,LAT2,MAPOBS 
YMAX•1000.0 
FREQ•408.0 
HPBW•51.0 
CALL MAPNUM<LONG1,LAT1,MN1,-1> 
CALL MAPNUM<LONG2,LAT1,MN2,-1> 
CALL MAPNUM<LONG1,LAT2,MN3,1) 
M12~<MN2/12+1l*12 
IF<MN1.LE.MN2lGOTO 10 
MN2•MN2+12 
10 MAXY•<MN3-MN1)+1 
NU•<90+LAT2l*3+1+0.01 
NL~<90+LAT1l*3+1+0.01 
NSUB=NU-NL 
MU•LONG2*3.0+1+0.01 
ML-LONG1*3.0+1+0.01 
MSUB•MU-ML 
IF<MSUB.LT.0lMSUB•MSUB+360*3 
MU•MSUB+l 
JXF~MU 
JYF~NSUB+l 
DO 40 MNY-l,MAXY,12 
MM-0 
DO 30 MNX=MN1,MN2 
MNXl=MNX 
666 IF<MNX.GT.M1ZlMNX1~MNX-12 
667 MNaMNX1+MNY-1 
668 CALL POSMAP<MN) 
669 READ<11,1017lMAPOBS 
670 1017 FORMAT(/(20F6.1>> 
671 IL=1 
672 IU•91 
673 JL•l 
674 JU•61 
675 IF<MNX.EQ.MN1>IU=46-LNGCLONGl,MNl) 
676 IF<MNX.EQ.MN2>IL=46-LNG<LONG2,MN2> 
677 IF<MNY.E0.1>JLaNL-<MN-l)/12*60 
678 IF<MNY.EO.MAXY>JU=NU-<MN-1)/12*60 
679 IF<IL.LT.lliL•1 
680 IF<IU.GT.91>IU=91 
681 IF<JL.LT.l>JL=1 
682 IF<JU.GT.61>JU=61 
683 DO 20 JeJL,JU 
684 N=<MN-1)/12*60+J-NL+1 
685 DO 20 I•IL,IU 
686 M•MU-MM+I-IU 
687 20 ARRAY<M,N>=SCREEN<MAPOBS<I,J)) 
688 30 MM=IU-IL+MM 
689 40 CONTINUE 
690 RETURN 
691 END 
692 c 
693 c 
694 c 
695 C**************************************************************** 696 C SCREEN - REPLACES NEGATIVE X WITH A ZERO 
697 FUNCTION SCREEN<X> 
698 SCREEN•X 
699 IFCSCREEN.LT.0.0lSCREEN•0.0 
700 RETURN 
701 END 
SPIRAL 
Contents 
The source file of the spiral arm plotting program. 
Purpose 
To produce a plot of the the arms described by the parameters 
in an arms file, as used by SYNP. 
Logical I/O Units Referenced 
Usage 
4 - input file of arms parameters 
5 - default terminal input 
6 - default terminal output 
9 - output plot file 
Compile using *FTNX. To ro.n use £RUN command and concatenate 
the object file with *GHOST or *IG+*GHOST. The program will then 
produce a plot description of the arms to unit 9, or if *IG was 
concatenated, will produce the plot immediately and ask if it is 
to be saved to unit 9· 
Description 
The input file of arms parameters on unit 4 is the usual 
format, as described in the SYNP description. The program plots 
each arm as a single line. In the code the dimensions of the 
array AR!-1 must correspond to the number of arms to be found in the 
particular arms file being used. Also the DO loop limit in line 
11, and the statements in lines 6 & 7 must be adjusted accordingly. 
If the number .of arms is not the same as is allowed for in the 
program, this will thus require alterations to lines: 3,6,7,11,35 
& 47. 
The plot produced also has the sun, galactic centre and 15 kpc. 
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circle drawn on. 
Example 
Assuming SPIRAL has been compiled by *FTNX, and the object 
file is -LOAD. 
£run -load+*ig+*ghost 4=armsl0 9=-plot 
This will plot the arms found in ARMSlO on the screen, and then ir 
is wanted the plot description can be written to the temporary file 
-plot for further use by *DURPLOT or *PLOTSEE for example. 
Program Structure 
spiral 
(paper ) . 
(pspace) 
(map ) 
armpts 
ptr 
(ptplot) 
(gpoint) 
(ctrset) 
(plotnc) 
(broken) 
(positn) 
(circle) 
(full ) 
(end ) 
posarm 
brackets indicate *GHOST routines. 
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1 C************************************~*************************** 
2 C* Ill 
3 Clll SPIRAL - DRAWS SPIRAL PATTERN IN ARMS Ill 
4 c• * 
5 C**************************************************************** 6 DIMENSION RC36l>,PHI<36l),XC36l>,YC361) 
7 COMMON /DATA/ARM<27,ll>,PI 
8 c 
9 PI-3.141593 
10 READ<4,1000)((ARM<I,J),Jcl,ll>,Icl,27) 
11 1000 FORMAT<ll<F10.6,2X>> 
12 CALL PAPERCl) 
13 CALL PSPACE<0.0,1.0,B.0,1.0) 
14 CALL MAP<-20.0,20.0,-20.0,20.0) 
15 DO !0 N~l;ll 
16 CALL ARMPTS<R,PHI,IMAX,N> 
17 CALL PTR<R,PHI,X,Y,IMAX> 
18 10 CALL PTPLOT<X,Y,1,IMAX,-2> 
19 C DRAW SUN &GALACTIC CENTRE 
20 CALL GPOINTC0.0,10.0) 
21 CALL CTRSET<4> 
22 CALL PLOTNCC0.0,10.0,54) 
23 CALL PLOTNCC0.0,0.0,45) 
24 CALL CTRSETCl) 
25 C DRAW 15 KPC CIRCLE 
26 CALL BROKEN<5,5,5,5) 
27 CALL POSITNC0.0,0.0) 
28 CALL CIRCLE<15.0> 
29 CALL FULL 
30 CALL GREND 
31 STOP 
32 END 
33 c 
34 c 
35 c 
36 C ARMPTS - FILLS ARRAY WITH R & PHI VALUES OF ARM N 
37 SUBROUTINE ARMPTSCR,PHI,IMAX,N) 
38 DIMENSION RC36l>,PHIC361) 
39 COMMON /DATA/ARMC27,1l),PI 
40 c 
41 IMAX-ARMC2,N)/PI*180.0+1.01 
42 DO 10 I•1,IMAX 
43 PHICI>-ARMCl,N>-<I-1>*PI/180.0 
44 10 CALL POSARMCPHICI>,R<I),N) 
45 RETURN 
46 END 
47 c 
48 c 
49 C POSARM - FINDS R VALUE OF ARM N AT PHI 
50 SUBROUTINE POSARMCPHI,R,N) 
51 COMMON /DATA/ARMC27,1l>,PI 
52 c 
53 R-0 
54 ALPHA•ARM<l,N>-PHI 
55 IFCALPHA.GE.B.B>GOTO 5 
56 ALPHAa2*PI+ALPHA 
57 5 IFCALPHA.GT.ARM<Z,N>>GOTO 15 
58 KM•ARMCZ,N)/0.261799+1.0 
59 THETA-PI*ALPHA/CKM$0.261799)+PI/C2*KM> 
60 DO 10 K•1,KM 
61 10 R•R+ARMCCK+2>,N>*COSCCK-l>*THETA) 
62 15 CONTINUE 
63 RETURN 
64 END 
65 c 
66 c 
67 C PTR - POLAR TO RECTANGULAR CONVERSION 
68 SUBROUTINE PTR<R,PHI,X,Y,IMAX) 
69 DIMENSION RC361>,PHIC361>,XC361),Y(361) 
70 c 
71 DO 10 I•1,IMAX 
72 X<I>•R<I>*SINCPHICI>> 
73 10 Y<I>•R<I>*COS<PHICI>> 
74 RETURN 
75 END 
SPLICE 
Contents 
Source file of splicing program. 
Purpose 
To join several consecutive map files together. Two or more 
map files that cover adjacent areas in longitude are joined and 
the total map is output. The program checks to see if the map 
parameters are compatible before joining them. If a mis-matched 
file is encountered, the error is reported and the input skips to 
the next file. This continues until a matched file is found of 
the end of the list is reached. 
Logical I/O Units Referenced 
Usage 
1 - input map files (must be sequential) 
2 - output map file (must be sequential) 
5 - default terminal input 
6 - default terminal output 
Compile using *FTNX. To run use the £RUN command. The input 
to unit 1 consists of the files to be spliced together, concatenated 
with each other so that they appear in the order in which they 
would appear on the sky. The output to unit 2 is a map in the 
same format as the input maps, which is described in the CONVP 
description. 
Description 
The first file having been input, the header is stripped off 
and the data placed in the array DATA(M,N). M is the longitude 
index, N is the latitude index. The second file's header is then 
checked with the first to see if the latitude ranges, frequencies, 
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half power beam widths and resolutions are the same, and to see if 
the first map finishes where the second one starts. If there is 
agreement, then the map is copied into DATA. If not, then an error 
message is given and the next file is input to see if it is compat-
ible. This continues until all the files on unit 1 have been tried. 
The total map built up in DATA is then output to unit 2, with the 
corresponding correct header for the map. 
A total map. can be built up, with up to 361 points in longi-
tude and 181 points in latitude. 
Example 
Assuming SPLICE has been compiled by *FTNX, and the object 
file is -LOAD. 
£.run -load l=m4+m3+m2+ml 2=map 
This will add together the four files M4, M3, M2, Ml, which cover, 
say, longitudes of 180°- 90°, 90°- 60°, 60°- 30° and 30°- 0° 
respectively, into a map in MAP which covers 180°- 0°. This will 
take about 0.25 cpu sec. to run. 
Program Structure 
splice 
infile 
match 
swap 
outfil 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
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95 
C**************************************************************** 
c• * C* SPLICE - SPLICES SEVERAL FILES TOGETHER INTO ONE * 
c• • C**************************************************************** C HEADER HAS THE FOLLOWING FORMAT: 1 - LOLNG, 2 - HILNG, 
C 3 - LOLAT, 4 - HILAT, 5 - RESL, 6 - RESB, 7 - FREQ, 
C 8 - HPBW. 
C M IS LONGITUDE INDEX, N IS LATITUDE INDEX. 
c 
DIMENSION HEADER<8,2>,DATA<361,181>,MAP<361,181> 
INTEGER YES/l/,EOF/1/,0LDMHI,OLDNHI 
C INITIALISE MAP POINTERS 
MHI~l 
NH!a! 
IF<INFILE<HEADER<1,1>,MLO,MHI,NLO,NHI,DATA>.NE.EOF>GOTO 10 
WRITE< 6, 1000 > 
1000 FORMAT<' ERROR - NO DATA PRESENT •• ) 
10 NFILES•1 
C REMEMBER END OF LAST MAP 
OLDMHI=MHI 
OLDNHI=NHI 
20 IF<INFILE<HEADER<1,2>,MLO,MHI,NLO,NHI,MAP>.EO.EOF>GOTO 50 
NFILES=NFILES+1 
IF<MATCH<HEADER>.NE.YES>GOTO 30 
CALL ADDMAP<MAP,DATA,MLO,MHI,NLO,NHI> 
CALL SWAP<HEADER<1,1>,HEADER<1,2>> 
C UPDATE LAST MAP POINTERS 
OLDMHI=MHI 
OLDNHI=NHI 
GOTO 40 
30 CONTINUE 
WRITE<6,1010>NFILES 
1010 FORMAT<' ERROR- MISMATCH IN FILE' ,I4> 
C RESET CURRENT POINTERS TO LAST MAP 
MHI•OLDMHI 
c 
c 
c 
NHI .. OLDNHI 
40 GOTO 20 
50 CALL OUTFIL<HEADER<1,1>,l,OLDNHI,1,0LDMHI,DATA> 
STOP 
END 
C**************************************************************** C INFILE - GETS THE NEXT MAP FILE FROM UNIT 1 
C IF END OF FILE IS REACHED THE VALUE OF THE FUNCTION 
C IS CHANGED FROM 0 TO 1 
c 
c 
c 
c 
FUNCTION INFILE<HEADER,MLO,MHI,NLO,NHI,DATA> 
DIMENSION HEADER<8>,DATA<361,181> 
INFILE•0 
READ<1,END•10>HEADER,NL,NU,ML,MU 
MLO .. MHI 
NLO•l 
MHI=MU-ML+MHI 
NHI•NU-NL+1 
READ<1><<DATA<M,N>,M-MLO,MHI>,N=NLO,NHI> 
RETURN 
10 INFILE=1 
RETURN 
END 
C**************************************************************** C MATCH - MATCHES THE TWO FILE HEADERS. IF OK RETURNS A VALUE 
C OF 1. IF MISMATCH, RETURNS VALUE OF 0. 
c 
FUNCTION MATCH<HEADER> 
DIMENSION HEADER<8,2> 
REAL LOLNG1 
MATCH•1 
C CHECK END OF MAP 1 WITH START OF MAP 2 
HILNG2•AMOD<HEADER<2,2>,360.0> 
LOLNG1•AMOD<HEADER<1,1>,360.0> 
IF<HILNG2.EQ.LOLNG1>GOTO 10 
MATCH•0 
RETURN 
C CHECK REST OF HEADER 
c 
c 
c 
10 DO 20 I•3,8 
IF<HEADER<I,1>.EO.HEADER<I,2>>GOTO 20 
MATCH=0 
RETURN 
20 CONTINUE 
RETURN 
END 
(**************************************************************** C ADDMAP - ADDS PORTION OF A TO B BETWEEN MLO,MHI & NLO,NHI 
c 
SUBROUTINE ADDMAP<A,B,MLO,MHI,NLO,NHI> 
DIMENSION A<361,181>,B<361,181> 
96 DO 10 N=NLO,NHI 
97 DO 10 M=MLO,MHI 
98 10 B<M,N)•A<M,N> 
99 RETURN 
100 END 
101 c 
102 c 
103 c 
104 C**************************************************************** 105 C SWAP - SWAPS THE VALUES Or THE TWO ARGUMENTS 
106 SUBROUTINE SWAP<A,B> 
107 c 
108 A=A+B 
109 B=A-8 
110 A=A-B 
111 RETURN 
112 END 
113 c 
114 c 
115 c 
116 C**************************************************************** 117 C OUTriL - OUTPUTS SPLICED MAP riLE TO UNIT 2 
118 SUBROUTINE OUTFIL<HEADER,NLO,NHI,MLO,MHI,DATA> 
119 DIMENSION HEADER<8>,DATAC361,181> 
120 c 
121 WRITEC2>HEADER,NLO,NHI,MLO,MHI 
122 WRITEC2><<DATACM,Nl,M=MLO,MHI>,N=NLO,NHI> 
123 RETURN 
124 END 
Contents 
Source file of synchrotron temperature program. Object file 
kept in SYNP-C. 
Purpose 
Program calulates line of sight brightness temperatures for 
the model galaxy simulated. It produces the brightness tempera-
tures for any rectangular section in latitude and longitude that 
0 
symmetrically stradles b=O , and for moderate latitudes i.e. less 
than 80°. 
The lines of sight chosen for calculation within the rectangle 
are spaced evenly in latitude and longitude, and the respective 
densities of points per degree are changeable within the code. 
The temperatures produced are the pure synchrotron emission values 
at a frequency of 150MHz. 
Logical I/O Units Referenced 
Usage 
4 - Input file of arms parameters 
5 - Default terminal input 
6 - Default terminal output 
7 - Output file of brightness temperatures, 
(must be sequential) 
Compiled version in SYNP-C. To run use the £RUN command. 
When the program is run the following parameters must be supplied 
in ordert 
lower latitude 
upper latitude 
(F4.0) 
(F4.0) 
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lower longitude (F4o0) 
upper longitude (F4.0) 
ratio from NORMP (Fl0o4) 
R2 from NORMP (Fl0o4) 
0 
On completion of the calculations the results will be output 
to unit 7, and the. run will cease o 
Description 
The input file read in from unit 4 contains the Chebyshev 
coefficients of the arms and has the following format: 
Columns 1-10 13-22 25-34 37-46 49~58 61-70 73-82 85-94 
Arml Arm2 Arm3 Arm4 Arm5 Arm6 Arm7 Arm8 
Columns 91-106 109-118 121-130 
Arm9 ArmlO Armll 
The first line of the file contains the starting angles of the 
arms (in radians), and the second lin~ the angular extent of the 
arms ( in radians ) o The rest of the lines contain the Chebyshev 
polynomial coefficients for the arms, as obtained from the CREBY 
program. 
In the code, NARM is assigned the number of arms that should 
be in the file on unit 4. If too few are there then the program 
will crash; if too many then it will ignore the extra ones at the 
end of the line o 
The program calculates only the positive latitudes, as the 
model is symmetric. 
The output file produced is for use by CONVP, and has the 
following sequential format: 
N¢, N~IM, M¢, MLIM, RESL, RESB, T(l,l), T(2,1), T(3,1), ooo••• 
•.•..• T(M,N), . o .•........ T(MLIM,NLIM). 
SYNP: page 2 
M is the latitude index, N is the longitude index, such that 
latitude(degrees) = (M¢ + M)/RESB 
longitude(degrees)= (N¢ + N)/RESL 
RESB and RESL are the number of sample points per degree 
latitude and longitude respectively. The temperatures are for 
positive latitudes and in the plane only. The CONVP program 
mirrors them into the lower half of the plane. 
Example 
£run synp-c 4=arms9 7:tl 
-10. 
10. 
350. 
10. 
0.7926 
139.5 
This will produce the brightness temperatures in a region 
20°x 20°, centred on the Galactic centre, at every 1° in latitude 
and longitude. This will take typically 400 cpu sec. to run and 
produce an output file of less than a page. 
Program Structure 
synp 
input 
fnorm 
field 
size 
prntps 
temp 
smax 
pars 
nxtarm 
posarm 
grad 
field 
elden 
emiss 
intgrt 
output 
SYNP: page 3 
1 C****************************~*********************************** 
2 c• 1!1 
3 Clll SYNP - SYNCHROTRON SIMULATION PROGRAt1 Ill 
4 c• Ill 
5 C**************************************************************** 6 DIMENSION ARM<27,2B>,T<200,100>,TR<200,100>,TI<200,1BB> 
7 COMMON /FLAG/JF 
8 COMMON /DATA/PI 
9 c 
10 CALL INPUT<ALAT1,ALAT2,ALONG1,ALONG2,RATIO,R0SQ,ARM,NARM> 
11 C INITIALIZE - JF IS FLAG TO KEEP TRACK OF REPEATED LONGITUDES. 
12 C MAKES SURE LO LATITUDE = -HI LATITUDE. 
13 C SETS GRID RESOLUTION AND FINDS FIELD NORMALISATION FACTOR. 
14 JF=-1 
15 PI=3.141593 
16 RESL~l.e 
17 RESB=1.0 
18 ALAT1=-ALAT2 
19 DL=PI/(180.B$RESL> 
20 DB=PI/(180.B*RESB> 
21 RB=SQRT<RBSQ) 
22 FBaFNORM<RB> 
23 NMAX=360.B*RESL+0.1 
24 MMAX=180.0$RESB+0.1 
25 C ARRAY LIMITS - FOR +VE LATITUDE SECTION ONLY 
26 ~ALL SIZE<0.0 1 ALAT2,ALONG1,ALONG2,RESL,RESB, 
27 &MLIM,M0,NLIM,NB> 
28 C WRITE PARAMETERS 
29 CALL PRNTPS<ALAT1,ALAT2,ALONGl,ALONG2,RESL,RESB,RATIO,R0SQ) 
30 C LONGITUDE & LATITUDE LOOPS - CALC TEMPERATURES ON GRID. 
31 C N IS LONGITUDE INDEX. M IS LATITUDE INDEX. 
32 DO 10 N=l,NLIM 
33 NN=N0+N 
34 NN=MOD<NN,NMAX) 
35 ALONG=DL$NN 
36 DO 10 M=l,MLIM 
37 MM=M0+M 
38 ALAT=DB$MM 
39 CALL TEMP<ALAT,ALONG,RATIO,RB,FB,ARM,NARM,TR<M,N>, 
40 & TI<M,N>> 
41 10 T<M,N>=TR<M,N>+TI<M,N> 
42 C WRITE DATA TO OUTPUT FILE 
43 CALL OUTPUT<NB,NLIM,M0,MLIM,T,RESL,RESB> 
44 STOP 
45 END 
46 c 
47 c 
48 c 
49 C**************************************************************** 50 C INPUT - GETS PARAMETERS FOR RUN 
51 SUBROUTINE INPUT<ALATl,ALAT2,ALONGl,ALONG2,RATIO,R0SQ, 
52 &ARM,NARM> 
53 DIMENSION ARM<27 1 20) 54 c 
55 C NARM IS NUMBER OF ARMS TO BE READ IN FROM FILE ON 4. 
56 C IF TOO FEW IN FILE - CRASH! 
57 NARM•11 
58 READ<5,1000>ALATl,ALAT2,ALONG1,ALONG2 
59 1000 FORMAT<F4.0l 
60 C RATIO & R0SQ ARE PARAMETERS FROM NORMP RUN 
61 READ<5,101B>RATIO,RBSQ 
62 1010 FORMAT<F10.4> 
63 DO 10 I=l,27 
64 READ<4,1020><ARM<I,J>,J=l,NARM> 
65 1020 FORMAT<20<FlB.6,2X>> 
66 10 CONTINUE 
67 RETURN 
68 END 
69 c 
70 c 
71 c 
72 C**************************************************************** 73 C FNORM - NORMALISATION OF FIELD TO 3 AT SUN 
74 FUNCTION FNORM<R0> 
75 c 
76 CALL FIELD<1B.B,0.0,0.0,RB,l0.0,10.0,l,HREG,COMP,B> 
77 FNORM=<3.0/HREGl$$1.B 
78 RETURN 
79 END 
80 c 
81 c 
82 c 
83 C*****************************************************~********** 84 C SIZE - CALCULATES ARRAY SIZES AND SLIDE FACTORS 
85 SUBROUTINE SIZE<ALAT1,ALAT2,ALONG1,ALONG2,RESB1 RESL, 
86 &MLIM,M0,NLIM,N0> 
87 c 
88 MLIM=<ALAT2-ALAT1>*RESB+l+3 
89 M0=ALATl*RESB-1 
90 NLIM=<ALONG2-ALONGl>*RESL+1+6 
91 IF<NLIM.LE.BlNLIM=NLIM+360$RESL 
92 NB=ALONGl*RESL-1-3 
93 RETURN 
94 END 
95 c 
96 c 
97 c 
98 C**************************************************************** 99 C PRNTPS - PRINTS THE PARAMETERS USED IN THE RUN 
100 SUBROUTINE PRNTPS<ALAT1,ALAT2,ALONG1,ALONG2,RESL,RESB, 
101 &RATIO,R0SO> 
102 c 
103 WRITE<6,1000>ALAT1,ALAT2 
104 1000 FORMAT(' LOWER LATITUDE=' ,F4.0/' UPPER LATITUDEm' ,F4.0> 
105 WRITE<6,1010>ALONG1,ALONG2 
106 1010 FORMAT<' LOWER LONGITUDE=' ,F4.0/' UPPER LONGITUDEG' ,F4.0) 
107 WRITE<6,1020>RESB,RESL 
108 1020 FORMAT<' ',F3.0,' POINT<S> PER DEGREE LATITUDE'/ 
109 &' ',F3.0 1 ' POINT<S> PER DEGREE LONGITUDE'> 
110 WRITE<6,1030>RATIO,R0SQ 
111 1030 FORMAT<' RATIO~' ,F6.4 1 ' R0 SOUAREDm' ,t6.2> 
112 RETURN 
113 END 
114 c 
115 c 
116 c 
117 C**************************************************************** 118 C TEMP - CALCULATES TEMPERATURE IN ONE DIRECTION 
119 SUBROUTINE TEMP<ALAT,ALONG,RATIO,R0,F0,ARM,NARM,TR,TI> 
120 COMMON /FLAG/JF 
121 DIMENSION ARM<27,NARM>,EMISRC4000>,EMISIC4000>,S<4000> 
122 c 
123 C JF o -1 - FIRST RUN THROUGH CODE. SETS REFERENCE LONGITUDE. 
124 C JF a 0 - CALCULATES VALUES ALONG LINE OF SIGHT IN PLANE. 
125 C JF m 1 - REPEATED LONGITUDE, USES SOME VALUES PREVIOUSLY 
126 C FOUND FROM IN THE PLANE. 
127 C IF LAT > 80 THEN USE SMALLER SAMPLING STEPS. 
128 c 
129 C DS IS STEP SIZE <KPC> FOR INTEGRATION. 
130 DS=0.015 
131 KMAX-SMAX<ALAT,ALONG>/DS 
132 KMAX•KMAX-MOD<KMAX,2>-1 
133 IF<.NOT.<JF.E0.-1>>GOTO 10 
134 JF•0 
135 REF•ALONG 
136 GOTO 40 
137 10 IF<.NOT.<ALONG.EO.REF>>GOTO 30 
138 IF<.NOT.<JF.E0.0>>GOTO 20 
139 JF=1 
140 20 IFC.NOT.(JF.E0.1.AND.ABS<ALAT>.GT.80.0>>GOTO 40 
141 JF-0 
142 DS•DS*COS<ALAT> 
143 KMAX=SMAX<ALAT,ALONG)/DS 
144 KMAX•KMAX-MOD<KMAX,Z>-1 
145 GOTO 40 
146 30 IF<.NOT.<ALONG.NE.REF>>GOTO 40 
147 JF•0 
148 REF•ALONG 
149 40 CONTINUE 
150 C CALCULATE EMISSIVITY AT EACH SAMPLE POINT. 
151 DO 50 K•1,KMAX 
152 CALL PARS<R,PHI,Z,S,K,ALAT,ALONG,DS,JF> 
153 CALL NXTARM<DIN,DOUT,GR,R,PHI,JF,ARM,NARM) 
154 CALL FIELD<R,PHI,Z,R0,DIN,DOUT,K,HREG,COMP,JF> 
155 CALL ELDEN<R,Z,JF,K,ELN> 
156 50 CALL EMISS<ALONG,ALAT,PHI,GR,K,HREG,F0,COMP,RATIO, 
157 & ELN,JF,EMISR<K>,EMISI<K>> 
158 C INTEGRATE LINE OF SIGHT FOR REGULAR & IRREGULAR COMPONENTS. 
159 CALL INTGRT<ALAT,DS,KMAX,EMISR,TR> 
160 CALL INTGRT<ALAT,DS,KMAX,EMISI,TI> 
161 RETURN 
162 END 
163 c 
164 c 
165 c 
166 C**************************************************************** 167 C PARS - CALCULATES COORDINATES ALONG LINE OF SIGHT 
168 SUBROUTINE PARS<R,PHI,Z,S,K,ALAT,ALONG,DS,JFLAG> 
169 DIMENSION S<4000) 
170 COMMON /DATA/PI 
171 c 
172 C PHI IS ANGLE CLOCKWISE FROM SUN - CENTRE LINE. 
173 IF<JFLAG.E0.1>GOTO 10 
174 S<K>•<K-1>*DS 
175 R•SORT<100+S<K>*S<K>-20*S<K>*COS<ALONG>> 
176 PC•<100+R*R-S<K>*SCK))/(20*R> 
177 IF<ABS<PC>.GT.1.0>PC-1.0 
178 PHI=ARCOS<PC> 
179 IF<ALONG.GT.PI>PHI-Z*PI-PHI 
180 IF<ALONG.E0.0.0.AND.S<K>.GT.10.0>PHI-PI 
181 10 Z=S<K>*TAN<ALAT> 
182 RETURN 
183 END 
184 c 
185 c 
186 c 
187 C**************************************************************** 188 C NXTARM - FINDS THE DISTANCE TO THE NEAREST ARM & MEAN GRADIENT 
189 SUBROUTINE NXTARM<DIN,DOUT,GR,R,PHI,JF,ARM,NARM> 
190 DIMENSION ARM<27,NARM>,RA<20> 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
c 
COMMON /DATA/PI 
REAL MIDBAR 
IF<JF.E0.1JGOTO 40 
C OBTAIN POSITIONS OF ALL ARMS AT THIS PHI VALUE 
CALL POSARM<PHI,RA,ARM,NARM> 
C INITIALISE - INNER ARM AT 0, OUTER AT EDGE OF GALAXY 
RMIN•0.0 
RMOUT•15.0 
C FIND R VALUE OF NEAREST INNER ARM AND SET RMIN 
C EQUAL TO THIS AND IIN EQUAL TO ARM NUMBER. 
C IF NO INNER ARM RMIN•0. 
DO 5 Ia1,NARM 
IF<RA<IJ.EQ.0.BJGOTO 5 
IF<RA<Il.GT.RJGOTO 5 
IF<RA<I>.LE.RMINJGOTO 5 
RMIN .. RA<I> 
liN• I 
5 CONTINUE 
C FIND RVALUE OF NEAREST OUTER ARM AND SET RMOUT 
C EQUAL TO THIS AND IOUT EQUAL TO ARM NUMBER. 
C IF NO OUTER ARM RMOUT•15.0 
DO 10 I•1,NARM 
IF<RA<IJ.EQ.B.0JGOTO 10 
IF<RA<I>.LT.RJGOTO 10 
IF<RA<IJ.GE.RMOUTJGOTO 10 
RMOUT•RA<IJ 
IOUT•I 
10 CONTINUE 
C IF NO INNER ARM FIND DISTANCE TO BAR. 
C IF R>4.1 FIND DISTANCE TO CENTRE. 
C SET GRADIENT TO ZERO. 
IF<RMIN.GT.0.BJGOTO 15 
THETA1•0.261799 
THETA2•0.261799*2.0 
MIDBAR•<PI+THETA1+THETA2J/2.B 
ALPHA•PHI-THETA2 
IF< PHI.GT.MIDBAR. 
& AND.PHI.LE.MIDBAR+PIJALPHA•PHI-THETA1 
DIN•R*ABS<SIN<ALPHAJ) 
IF<R.GT.4.1JDIN•R 
GRIN•0.B 
GOTO 20 
15 CONTINUE 
C OTHERWISE CALC DISTANCE TO INNER ARM & GRADIENT. 
DR .. R-RMIN 
CALL GRAD<PHI,IIN,RMIN,GRIN,ARM,NARMJ 
DIN•DR*COS<GRIN> 
C IF NO OUTER ARM SET DISTANCE TO 
C OUTER ARM TO 100.0 <I.E. VERY BIG>. 
C SET GRADIENT TO ZERO. 
20 IF<RMOUT.LT.15.0JGOTO 25 
DOUT•100.0 
GROUT•0.0 
GOTO 30 
25 CONTINUE 
C OTHERWISE CALC DISTANCE TO OUTER ARM & GRADIENT. 
DR•RMOUT-R 
CALL GRAD<PHI,IOUT,RMOUT,GROUT,ARM,NARMJ 
DOUT•DR*COS<GROUTJ 
C CALC DISTANCE WEIGHTED MEAN GRADIENT. 
c 
c 
c 
30 GR=<GRIN*DOUT+GROUT*DINJ/(DIN+DOUT+0.00001J 
40 RETURN 
END 
C**************************************************************** C FIELD - CALCULATES THE FIELD AT THE CURRENT POINT 
c 
SUBROUTINE FIELD<R,PHI,Z,R0,DIN,DOUT,K,HREG,COMP,JF) 
COMMON /FIELDH/Hl<4000J,H2C4000) 
C IF PREVIOUSLY CALCULATED IN PLANE, ONLY DOES PART NEEDED. 
IF<JF.EQ.1JGOTO 5 
C THETA IS ANGLE ANTICLOCKWISE BETWEEN R AND MAJOR AXIS 
C OF ELLIPSE <123 DEGREES>. 
THETA•2.146755-PHI 
S•SIN<THETAJ 
CaCOS<THETAJ 
HH•1-EXP<-R*R*<C*C/8+S*S/4)J 
H1<KJ=HH*EXP<-R*R/R0/R0J 
IF<R.LT.10.0JGOTO 2 
CR•<15.0-Rl*0.396 
GOTO 3 
2 CONTINUE 
CR=l. 98 
3 C1•EXP<-18*DIN*DINJ 
C2•EXP<-18*DOUT*DOUTJ 
H2<KJ=CR*AMAX1<C1,C2J 
5 FZ•1+0.7715*Z-17*Z*Z+22.94*Z*Z*Z 
IF<Z.GT.0.5JFZ•0.0 
COMP•<H2<K>*FZ+0.7)/0.7 
IF<R.GT.4.0JGOTO 10 
C CALCULATE BAR CONTRIBUTION AS 0.5 OF ARM CONTRIBUTION AT 4KPC. 
HREG•<1-EXP<-4.0ll*EXP<-4.0*4.0/R0/R0J$CCOMP-1.0l*0.5 
286 & +H1CK> 
287 RETURN 
288 10 HREG=H1CK>*COMP 
289 RETURN 
290 END 
291 c 
292 c 
293 c 
294 C**************************************************************** 295 C POSARM - FINDS THE POSITIONS OF THE ARMS AT ANY PHI 
296 SUBROUTINE POSARM<ALPHA,RA,ARM,NARM> 
297 DIMENSION RA<NARM>,ARM<27,NARM> 
298 COMMON /DATA/PI 
299 c 
300 C CALCULATES ARM POSITIONS FROM CHEBYSHEV POLYNOMIAL COEFFICIENTS. 
301 DO 15 I=1,NARM 
302 RA<I>=0 
303 PHI=ARM<1,I>-ALPHA 
304 IF<PHI.GE.0>GOTO 5 
305 PHI=2*PI+PHI 
306 5 IF<PHI.GT.ARM<2,I>>GOTO 15 
307 N=ARM<Z,I>/0.261799+1 
308 THETA•PI*PHI/CN*0.261799>+PI/(2*N> 
309 C FINDS MULTIPLE ANGLE SINES AND COSINES BY RECURSION TO SAVE TIME. 
310 C•COS<THETA> 
311 S•SIN<THETA> 
312 CN•1.0 
313 SN•0.0 
314 DO 10 K=1,N 
315 RACI>=RACI>+ARMCCK+2>,I>*CN 
316 CNl•CN*C-SN*S 
317 SNl•CN*S+SN*C 
318 SN•SN1 
319 10 CN•CNl 
320 15 CONTINUE 
321 RETURN 
322 END 
323 c 
324 c 
325 c 
326 C**************************************************************** 327 C SMAX - CALCULATES THE LINE OF SIGHT LENGTH, PROJECTED ON PLANE 
328 C SUN - 15KPC SPHERE 
329 FUNCTION SMAXCALAT,ALONG> 
330 COMMON /DATA/PI 
331 c 
332 B•20*COSCALAT>*COSCALONG-PI> 
333 SMAX•C-B+SQRTCB*B+4*C225-100)))/2,0 
334 SMAX•SMAX*COSCALAT> 
335 RETURN 
336 END 
337 c 
338 c 
339 c 
340 C**************************************************************** 341 C GRAD - CALCULATES GRADIENT OF ARM FROM CHEBYSHEV COEFFICIENTS 
342 SUBROUTINE GRAD<ALPHA,I,RIN,GR,ARM,NARM> 
343 DIMENSION ARMC27,NARM> 
344 COMMON /DATA/PI 
345 c 
346 GR•0 
347 PHI•ARM<1,I>-ALPHA 
348 IF<PHI.GE.0>GOTO 5 
349 PHI•2*PI+PHI 
350 5 N=ARM<2,I)/0,261799+1 
351 THETA•PI*PHI/CN*0.261799>+PI/C2*N> 
352 C FINDS MULTIPLE ANGLE SINES AND COSINES BY RECURSION TO SAVE TIME. 
353 C•COSCTHETA> 
354 S•SINCTHETA> 
355 CN•1.0 
356 SN•0.0 
357 DO 10 K•l,N 
358 GR•GR-ARM<<K+2>,I>*CK-l>*SN*PI/CN*0.261799) 
359 CN1•CN*C-SN*S 
360 SN1•CN*S+SN*C 
361 SN•SN1 
362 10 CN=CN1 
363 GR•ATANCGR/RIN> 
364 RETURN 
365 END 
366 c 
367 c 
368 c 
369 C**************************************************************** 370 C ELDEN - CALCULATES THE ELECTRON DENSITY 
371 SUBROUTINE ELDENCR,Z,JF,K,ELN> 
372 COMMON /ELDENW/W(4000> 
373 c 
374 IF<JF.E0.1>GOTO 5 
375 WCK>•0.591-0.0652*R+0.0106*R*R 
376 5 X=Z/W(K) 
377 IFCX.GT.10.85>GOTO 10 
378 ELN=80*<1-0.3552*X+0.04733*X*X-0.002127*X*X*X) 
379 GOTO 20 
380 10 ELN=0.0 
381 20 RETURN 
382 END 
383 c 
384 c 
385 c 
386 C**************************************************************** 387 C EMISS - CALCULATES THE EMISSIVITIES AT THAT .POINT 
388 SUBROUTINE EMISS<ALONG,ALAT,PHI,GR,K,HREG,r0,COMP,RATIO 
389 &,ELN,Jr,EMISR,EMISI> 
390 COMMON /DATA/PI 
391 COMMON /EMISSP/PSI<4000> 
392 c 
393 Ir<Jr.E0.1>GOTO 10 
394 C PSI IS ANGLE BETWEEN LINE Or SIGHT AND REGULAR fiELD. 
395 PSI<Kl=ALONG+PHI-PI/2+GR 
396 10 Y=1-0.477*<1-1/CCOMP*COMP>>*COS<PSI<K>>*COS<PSI<K>> 
397 XI=ARCOSCCOS<PSI<Kll$COS<ALAT>> 
398 EMISR1=<ABS<HREG*SIN<XI>>>**1.8 
399 EMISI1=HREG**1.8*Y 
400 EMISR=0.0498*ELN*r0*EMISR1 
401 EMISI=0.0498*ELN*r0*EMISI1/RATIO 
402 RETURN 
403 END 
404 c 
405 c 
406 c 
407 C**************************************************************** 408 C INTGRT - INTEGRATION ALONG LINE Or SIGHT 
409 SUBROUTINE INTGRT<ALAT,DS,KMAX,EMIS,T> 
410 DIMENSION EMIS<4000> 
411 c 
412 ODD•0 
413 EVEN=0 
414 IMAX•KMAX-3 
415 DO 10 I•2,IMAX,2 
416 EVENaEVEN+EMIS<I> 
417 10 ODD•ODD+EMIS<I+l) 
418 DS1•DS/COS<ALAT> 
419 T=DS1/3*<EMIS<1>+4*<EMIS<KMAX-ll+EVENl+2*0DD+EMIS<KMAXll 
420 RETURN 
421 END 
422 c 
423 c 
424 c 
425 C**************************************************************** 426 C OUTPUT - WRITES RESULTS TO SEQ riLE ON UNIT 7 
427 SUBROUTINE OUTPUT<N0,NLIM,M0,MLIM,T,RESL,RESB> 
428 DIMENSION T<200,100) 
429 c 
430 WRITEC7lN0,NLIM,M0,MLIM,RESL,RESB 
431 WRITEC7l<<T<M,Nl,M•1,MLIM>,N•l,NLIM> 
432 RETURN 
433 END 
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